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PREFACE TO FIRST EDITION 


The problems with which an active statistical department may have 
to deal require, if their solutions are to be made widely accessible, 
a great variety of special tables. A number of those in the present 
book are familiar to statisticians, and are already widely used. In 
presenting therii in a convenient form, the opportunity has been 
taken to supplement them with a selection of others, chosen as likely 
also to be of value, and not accessible elsewhere. The volume is 
completed with a number of tables of standard functions of general 
utility. The experience of the authors of the problems arising in 
practical research, is the basis of the selection, from among those tables 
which from time to time have been computed for special purposes. 

To perform their compilation, the main work has been to complete 
the tables in a form suitable for the general user, and, ■ what-. -is .by , no 
means easy, to ensure their entire accuracy. In addition we have 
been principally concerned with the design of printing and arrange- 
ment, which shall be suitable both for constant and for occasional 
users. Comments from both classes of reader will therefore be 
especially valued. 

We are indebted to all workers at the Galton Laboratory, 
and at the Statistical Laboratory, Rothamsted, and especially^ 
to W. L. Stevens, for assistance in the completion of our task. 


August 1938 


R. A. F. 

F. Y_ 


PREFACE TO FOURTH EDITION 

The second edition contained as new material Tables Vi and V2 
for the test of significance of the differences between two means 
obtained by different methods ; Table YI III, which supplies solutions 
of the type of problem illustrated in Examples i, 2 and 4, more direct 
than those previously available; and Table VI 1 1 2, which gives 
densities of organisms estimated by the dilution method. Additions 
to the third edition consisted of Table XI 1 (due to Dr D. J. Finney) 
which gives the modified probit weighting coefficients necessary for 
dosage mortality tests involving deaths among controls ; the inclusion 
of the 10 per cent, points of a and (based on the tables of the 
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incomplete beta function of Miss Catherine. M. Thompson, for 
which we are indebted to Prof. E. S. Pearson and Dr V. G. Pan sc) 
in Table V; Table XI Vi, which gives a method of scoring- linked 
data from intercrosses of double heterozygotes ; the extension of 
Table XXIII of orthogonal polynomials for values of n' from 53 to 
75 (due to Mr V. Satakopan) ; and the extension of Table. XXVI 
of natural logarithms to cover the range -too to i-oo. 

The combinatorial solutions of Table XVII were considerably 
extended and simplified, in presentation in the second edition by the 
more extensive use of solutions of the cyclic type, and the corresponding 
section of the introduction was expanded to give an account of Youden’s 
Squares, and of the method of utilising information, formerly dis- 
carded, from comparisons between blocks. Further new solutions 
were added in the third edition, and some further modifications have 
been made in the fourth edition. 

Table VIII was improved in the third edition so as to allow 
for interpolation for values of the observed event above 10 ; Table XI, 
of weighting coefficients and probit values for adjustments of special 
accuracy, was recast in order to simplify its use ; Table XXXIV of 
constants, weights and measures, etc., was slightly revised ; and a 
small positive bias was removed from the 1 per cent, values of 
Table Vi for the significance of the difference between two means. 

The following new material has been included in the. fourth 
edition: Table VIII3, which provides a test for the existence of a 
periodic component; Table XIV2, which gives a set of functions 
termed “ the segmental functions ” which serve to specify the 
frequencies of non-recombinant and recombinant gametes in terms 
of the metrical positions of the centromere, a series of markers and 
the terminus of the chromosome arm; and Tables XXXII 1 1 and 
XXXIIIa, which contain random permutations of 10 and 20 numbers 
respectively and are of use in the construction oT experimental 
arrangements. 

In addition a further table of the normal integral, Table VIII4, 
has been added. In this Table the deviation from the mean of the 
distribution is taken as the argument. The section of the introduction 
on dosage mortality tests involving a natural death rate has also been 
re-written. (We are indebted to Dr D. J. Finney for this.) 

We have from time to time received a number of requests for the 
inclusion of simple tables, useful for special fields of work, or giving 
approximate tests or estimates, which can easily be derived from 
tables either given in this book or available elsewhere. Examples 
of such tables are : the factors required to obtain an estimate of the 
standard deviation from the mean range in samples from a normal 
distribution (derivable from Table XX— a note on this use of the 
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table is included in the introduction) ; the multiple infection trans- 
formation y = ioo(l-^ _l/, °°) (derivable from Table XXVI). 

The inclusion of tables of this kind considerably increases the 
size of the book. Those giving - approximate tests or estimates might 
also unduly encourage the use of such tests or estimates in fields in 
which they were not really appropriate. We have therefore considered 
it best to leave the compilation of such tables to the workers who 
require them. This has the advantage that they can then be arranged 
in the form which is most suitable for the particular purpose for 
which they are required. 

For the convenience of owners of other editions, a list of errata 
has been included showing all the errors of any importance not 
previously discovered. Our thanks are due to those who have 
drawn our attention to these errors. Our especial thanks are also 
due to members of the Department of Statistics at Rothamsted, and 
particularly to Dr P. M. Grundy, for their pains in preparing the 
fourth edition for tne press. 

R. A. F. 

F. Y. 

1 6tA June 1952 


PREFACE TO FIFTH EDITION 

The increasing use of transformations in the analysis of frequency 
data and the recognition that all should be treated in the same manner 
as probits, has led us to include tables for the logit and complementary 
loglog transformations in the fifth edition (Tables XI and XII), 
together with tables for final adjustments (XI i and XI 1 1), in the same 
form as those already included for the probit and angular transforma- 
tions. The tables for the angular transformation have been enlarged 
and an example illustrating their use has been given. 

In view of the logical and mathematical interest of Behrens’ test 
for the difference between two means, we have added a further table 
(VI 1 ), based on exact formulas, which gives values of d for a number 
of significance levels when n x and n a are both small and odd. We 
believe the later test published by Pearson and Hartley ( Biomeirika 
Tables for Statisticians , Table n) to be erroneous. 

A new table (XI 1 1 1 ) is provided for the application of the product- 
ratio method in linkage investigations with intercross data. The 
table of segmental functions (Table XIV) has also been amplified 
and extended. 

vii 
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A further two pages, primarily covering the range -oioo— -iooo, 
have been added to the table of natural logarithms (Table XXVI), 
and values for even n from 30 to 70 have been included in the table of 
X 2 (Table IV) ; an asymptotic formula for x 2 large, n is also gi\ en 
in the introduction. 

A few changes have been made in the numbering of the tables. 
These are indicated in the Contents. Of the new material, Table XII I 
is based on one by D. J. Finney in " Statistical Method in Biological 
Assay ” (Griffin, 1952). The revised values of Atomic Weights and 
certain physical constants, Table XXXIV, are based on Kaye and 
Laby (Longmans, 1956). Our thanks are due to the authors and 
publishers for permission to use this material. The remainder of the 
new tables have been computed ab vmtio , for the most part on the 
electronic computer at Rothamsted. 

No errors in the tables of the fourth edition have, been reported 
to us. 

It. A. F. 

F. V. 

November 19 56 


PREFACE TO SIXTH EDITION 

Sir Ronald Fisher's sudden death in July 1962 delayed the com- 
pletion of this edition, but most of the new material was agreed 
between us, and the new edition is, I believe, substantially as he 
would have wished to see it. 

The main additions are a table (V i) giving the fiducial limits 
for a variance component (due to M. J. R. Idealy), and solutions for 
balanced incomplete blocks with u to 15 replications (Tables XVI 1 1 
and XVI 1 1 1, due to C. R. Rao). In response to various requests, 
the table of the angular transformation (Table X) has been expanded 
to Intervals of o-i per cent. 

The discovery of Graeco- Latin squares of side qj - - f- 2 is a mile- 
stone in this branch of combinatorial analysis ; an example of a 
10x10 Graeco- Latin square is given in the Introduction, together 
with two sets of five 12x12 orthogonal squares. A note has been 
added on the derivation, by means of Table XXII, of cumulants of 
the binomial distribution. Examples 12 and 12-1 give an improved 
method of forming random permutations. Examples 3.1 and 7.2.1 
are also new. 

March 1963 F. Y. 
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INTRODUCTION 


Tables I to V and VII. Tests of Significance based on the Normal Distribution 

Tables I to V and VII constitute a group of tables, based on the normal distribution, and now widely used 
in making tests of significance. The common uses of these tables are fully illustrated with numerical examples 
in Fisher’s Statistical Methods for Research Workers , where they were first published. Further statistical 
problems soluble by the same tables are, however, constantly being discovered. 

If a; is the deviation from the mean of a normal distribution having unit variance, the ordinate z, given 
in Table II, is obtained from the algebraic expression 


a = ~ e-K 

V 2 7 r 

The integral of this function gives the area of the curve, or the frequency of observations, between the 
limits of integration. The fraction of the frequency falling outside the limits ±x is, therefore, 


—r 

•i x 


zdx. 


Table I gives the values of x corresponding with various values of this fraction. Table III gives the single-tail 
probabilities, i.e. \P, corresponding to various values of x. 

The distribution of /, due originally to “Student”, is used to test the significance of a deviation when its 
standard error is estimated from the data ; t is the deviation divided by its estimated standard error. For n 
degrees of freedom the algebraic expression for the ordinate of the distribution is 


n— r 


2 


I 
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Table III gives the values of l corresponding with various values of the probability of a random value 
falling outside the limits ±t. 

The quantity x 2 , used to test goodness of fit, homogeneity, and for a variety of other purposes, may be 
regarded as the sum of the squares of n variables, which vary normally and independently about zero with 
unit variance. It is a useful single measure of the aggregate of a set of deviations from expectation. The 
element of frequency may be expressed as 


df= 


(h 2 f‘ 2) e 


When n is even the probability of exceeding any given value f is reducible to the partial sum of a Poisson 
series : 


_ VAJ Y I 

p=f 2 df=e- i * , : i-h(i x i )+~ l (ix 2 r+ ■ • ■ 


For sufficiently large values of n the value of corresponding to a given probability level P is expressible 
as a series of polynomials in a normal deviate x corresponding to this probability level (single tail) by the general 
method of Cornish and Fisher (69), which leads to the successive terms : 


At the x per cent, point, for example, 

x = 2-326348 3^+7^— 16 = 109-7 

a; 2 — 1 = 4-41190 9a; 5 -f 256^—, 433# = 2828 

x 3 — 7*= —3-694 

I A 



For n = 30, V(z«) = 7 '7459667, and thus : 

Power of .r Term Remainder 

30 20-892,2 

x i8-oiy8 2-872,4 

x 1 2 -9413 — -oCi8,9 

x i — -0530 — -otS>9 

x * — *ol8l -002,2 

x 6 -0025 — - ooo>3 

The true value is 50 -892,2. The last column shows the errors remaining after each term. 

Convergence is quicker for n exceeding 30, hut slower for higher levels of significance, 
good for the general Eulerian distribution with non-integral n. 

The mean of the whole Poisson series is \x\ the sum of the whole scries is unity, and the number of terms 
in the partial sum is \n. In consequence the table of / (Table IV), which gives the vttlues of r for various 
values of V, can be used to find the mean of a Poisson series of which the first £« tenns constitute a given 
fraction of the whole. 


The method is 


Example r 

Font serious floods have occurred in a given region during a century s experience , supposing the numbers 
of floods experienced in different centuries are distributed in a Poisson series, find the mean number for which 
only one century in 20 would have four serious floods or less, and the mean number for which only one century 
in 20 would have 4 floods or more. 

In the first case we need the first five terms of the Poisson series, so n — xo ; the table shows the 3 per cent, 
value of x a is 18*307 ; the expectation would be 9 -154 floods per century. If, on the contrary, only one century 
in 20 experienced 4 floods or more, the first four terms of the series would constitute 93 per cent, of the whole ; 
for 11 — 8, the 95 per cent, x 2 is 2-733, corresponding with a frequency of 1*366 serious floods per century. 
Unless our experience has fallen in the upper, or the lower 3 per cent, range of the distribution, the expectation 
lies between 1*366 and 9-134 floods per century. More or less stringent probabilities might, of course, have 
been chosen. Table VIIIi has been constructed to make this test directly at the 10 per cent., aj per cent, 
and | per cent, limits. Entering the table with a — and N — 00, for instance, the per cent, limits of the 
expectation are found to be 1 -09 and 10 *24. 


In testing goodness of fit x 2 is simply calculated from the numbers observed and expected in each 
distinguishable class. If m is the frequency expected and a that observed, then 

m \?n] 

where the summation is taken over all classes. The number of degrees of freedom is the number of classes, 
the frequencies of which can be varied independently without violating any totals, sub-totals, etc., which may 
have been used in calculating the expectations. It is inadvisable to use classes with expectations less than 5, 
so that these will usually be grouped in larger classes in applying the test. (See, however, Table VIII.) 

The quantity z may be defined as the difference of one-half the natural logarithms of two different estimates 
of variance, one based on n x and the other on « 2 degrees of freedom. Table V gives values of a for different 
values of the three variables n u n a and P. The corresponding values of the variance ratio, t’ 2 *, are given on the 
opposite pages. We may usually consider a z test as a test whether one estimate of a variance based on n x 
degrees of freedom significantly exceeds a second estimate based on degrees of freedom. We are indebted 
to C. G. Colcotd and L. S. Deming (9) for the extension of the z table to P — -oox, to H. W. Norton and 
Iowa State College for P— -2, and to Catherine M. Thompson (40, 41) and the Department of Statistics, 
University College, London, and to V. G. Panse (42) for P = -i. 

The distributions of t and of x 2 are equivalent to special cases of the distribution of z. Thus 
when % = 1, t = e z and for « 2 degrees of freedom is the variance ratio. Equally, when n t = 1, the variance 
ratio is the value of i[ p corresponding with the probability i—P. 

When n 2 = oo, the variance ratio is x 2 /« 1 for n x degrees of freedom ; and when n x — 00 it is the value 
of for degrees of freedom, corresponding with the probability 1— P. 

From the value 6 onwards the values of n x tabulated are in harmonic progression ; i.e. they are the 
mim ers or wuch 24 jn x takes the values 4, 3, 2, 1 and o. As the corresponding values of z run smoothly 
° Ti,' U f S ° 2/1 ma y be used by interpolating for the values of 24 /«,. Similarly, the largest n a tabulated 
are lose or wuc i2o/« 2 takes the values 4, 3, 2, 1 and o. The z values for any pair of numbers ?i x and 
c n thus be found from the table. With lower accuracy the variance ratio may be similarly interpolated. For 
high values of and a useful approximation is given below the table for each value of P tabulated. 

nf twT V,- 6 k lk ! ^ °, f X P the P robabilit y e^en, and most frequently wanted, is that of a single tail 
h distribution beyond the tabulated value. For the tables of * and i it is the sum of two equivalent tails. 
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In addition to its general use in the analysis of variance, the z table is related to the partial sum of a binomia 
series in the same way as is that of x 2 to the Poisson series. The ratio of the sums of squares is n x j?i 2 times the 
variance ratio, or n 1 e iz jn 2 . \{J> : q is the ratio of the sums of squares, P is the sum of the first \n x terms of the 
expansion of (<7+i>) i( "' + ”’“ a> , and i—P is the sum of the remaining terms. Similarly if -p is the ratio of 
the sums of squares, P is the sum of the first \n x terms in the expansion of the negative binomial (g+p)~ iUa . 

Example 2 

An event has occurred 3 times out of 14 trials. The probability of its occurring 3 times or less, is 
represented by the sum of the first four terms out of 15, hence n x — 8, »„ =22. If P — 1 per cent., the 
table gives a variance ratio 3 -45 ; hence the ratio of the sums of squares is 3 '45 X 8/22 = 1 -255 = p\q. Thus 
p = i'2SS/ 2 ' 2 5S — ‘557- the other hand, for the probability of its occurring 3 times or more, we need 
n x — 24, n 2 = 6, when the variance ratio is 7-31, and y/7> = 29-24, y>= 1/30-24 = -0331. Unless our 
experience has fallen in the upper or the lower 1 per cent, range of the distribution, the probability of 
occurrence lies between -0331 and -557. 

This type of problem also may be examined at other levels of significance by the use of Table VIII 1. 
Entering the table with a = 3, p = 3/14 = 0-214, we find that the limits of expectation, at the probability 
level P = \ per cent., are 0-360 and 8-26, giving the corresponding limits of the probability of occurrence as 
•0257 and -590. If P = z\ per cent, the limits are -0466 and -508. 

If the event had not occurred at all in 14 trials, it is still possible to assign an upper limit to the probability. 
For P = z\ per cent., for example, the upper limit to the probability is 1— (-025)''' or -232, and for P=% 
percent, it is 1 — (■oos)b or -315, corresponding to upper limits of expectation of 3-25 and 4-41 respectively. 
The same result may be obtained by interpolation with respect to ijN in Table VIII 1, 


Table VII gives the exact test of significance for inter-class correlation coefficients. This is equivalent 
to the t test of the regression, which reduces to 

r 

t = ~ 7 „ \/fl'—2 

yi—r 2 v 

for n '~ 2 degrees of freedom, where ri is the number of pairs on which the correlation is based. The results 
often differ materially from the comparison of r with its standard error estimated from the formula,. 

i-r» 

ffr ~ y/T-x 

Other comparisons involving correlation coefficients are best carried out by the z transformation provided 
by Table VII 1. 


Table Vi. Fiducial Limits for a Variance Component 

I11 an analysis of variance between and within classes, whereas it is often desirable to make probability 
statements about the individual classes and the various comparisons between them (Cornish, 70), it is some- 
times also desirable, e.g. in genetical work, to interpret them as a random sample of n x + 1 items from a normal 
population of unknown variance. Table Vi is appropriate for finding fiducial limits for this variance. If 


the analysis of variance takes the form 

d.f. 

M.S. 

Expected M.S. 

Between classes 

*1 

Vl 

6 o x 2 + tr 2 a 

Within classes 

• . ?l 2 


v 2 2 


and vjv 2 = F ) the fiducial limits for <r x 2 are found as where <j> is the quantity tabulated as a function 

of n X) n 2 and F. These limits are, of course, only exact if a x 2 is the variance of a normal population from which 
n x +i values have been selected at random, and if the samples drawn from each class are of equal size, 

The mathematical form of the distribution was given by Fisher in 1935 (71). The numerical values of 
Table Vi were recently computed by Healy (81). 

Tables VI, VIi and VI2. Significance of Difference between Two Means 

Tables VI-VI2 give the test of significance, due originally to Behrens, for the difference of two means 
for which the errors are due to different causes, so that estimates of variance cannot properly be pooled. In 
general we need the percentile points of a distribution compounded of two Student distributions with n x and 
« a degrees of freedom. The ratio of the scale-factors jj. and s 2 is given by 

jj/j 2 = tan 6 , 

and the difference is judged to be significant if it exceeds d^f 
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Fnr each level of significance the value of d is required given the 3 known values n u a, and 0. Table VI 
by P, V. Sukhatme gives the 5 per cent, and 1 per cent, points for 15° intervals of 0, and for the lattice of values 
6 } 8 i2, 24 and 00 for and « 2 . Four-point interpolation is sufficient for full accuracy. . 

Table Vlr gives, more exactly, the values of d for small odd integral values of and The analysis has 

been given by Fisher 3-nd He&ly (dy)' , t t* . »t » 7 _ 

Table VI 2 deals more fully with the marginal case « x = co, where the distribution is compounded of a 

normal component of known variance and a component of Student’s type. Hus occurs when we compare 
estimates of a physical constant, one of which is based on a large quantity of data of low precision, while the 
other rests on few but rather precise, observations. When the errors from these two estimates are of com- 
parable magnitude, both can be taken into account by finding the angle, defined by 

tan 0 = o/s, 


while the significant value for the observed difference is 

Thus for high angles the distribution tends to normality and for low angles it tends to Student s form. 

Sukhatme’s values for r per cent, have been revised to remove Lhc very small positive bias, about -ooi 
in d ’, detected by comparison with the asymptotic calculation used in constructing 1 able VI2. 


Example 2.x 

Let us suppose that a physical constant evaluated by a new method gives a mean of twelve determinations, 

* = 4-77383. 

and that the sum of the squares of the deviations of these values from their mean, is 

S(x— xf— -011580, 

so that from 11 degrees of freedom the variance of the mean is estimated to be 

s 2 = -00008773, 

and the estimated standard deviation of the mean is 

r — -009366. 

For ri degrees of freedom Student’s / is 2-718 at the 2 per cent, point, so that at this level of significance 
we should regard our observed mean as differing significantly from any value outside the limits 

*±*=4-77383^-02546 = 4-74837. 4' 799 2 9- 
If, now, numerous previous determinations, using a different method, have given the value, 

<“ = 4'744, 

outside these limits, it would appear that there must be a real discrepancy between the results from the two 
methods used. 

The comparison, however, is not complete, if we realise that /x also is not a perfectly precise determination, 
for it might be that though the value adopted is incompatible with the new observations, yet that both methods 
might be simultaneously compatible with some intermediate value of the constant. 

Behrens’ test enables this question to be answered, when the precision of fi is known, by averaging the 
probability of obtaining so high a deviation, when g is assigned a frequency distribution instead of a fixed 
value. If, for example, the value of /1 adopted, has a standard error a, based on a large; number of degrees 
of freedom, with 

a = -00382, 

we should find, 

tan 9 = o-/j = -4079, 

0 = 22 ° 12 '; 

and 

, _ X—jJL 'O2983 

V s ,2 +°- 2 -010115 2 949 

Table VI2 shows that at the 2 per cent. level of significance d is only 2-704 at 20° and 3 -637 at 30°, for 
10 egrees o ree om. For it degrees of freedom lower values still would be significant. The discrepancy 
observed is therefore a significant one, even when the errors to which is liable are fully taken into account. 


Table VIII. Tests of Significance for 2x2 Contingency Tables 

2 ww are normaI1 y testec i for significant departures from independence by means of the 

x - ■ Provided that more than one degree of freedom is involved this test is satisfactory, even when the 
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expectation in each class is quite small ; but with only a single degree of freedom (as in 2 x 2 contingency tables) 
the number of possible sets of values satisfying the given marginal totals is small, so that the discontinuity 
of the resultant distribution is marked, whereas the x 2 distribution, which is an approximation to it, is 
continuous. The effect of this discontinuity can be overcome by applying Yates’ correction for continuity 
when calculating x 2 - This is done by reducing by the values which are greater than expectation and 
increasing by £ those which are less than expectation. 

The correction for continuity, which should be applied when the smallest expectation is less than 500, 
considerably increases the effective range of the ordinary x 2 test for a single degree of freedom ; but when the 
smallest expectation is less than ioo, the possible asymmetry of the actual distribution associated with given 
marginal totals becomes of importance. Such asymmetry implies that deviations of a given magnitude in 
one direction are less probable than those in the other. 

Table VIII allows this asymmetry (and other slight deviations from the ordinary x 2 distribution) to be 
taken into account. It gives what are in effect the 2 -5 per cent, and o -5 per cent, points of Xc (the square root 
of x 2 corrected for continuity) for each tail separately. Since there are three independent marginal totals 
in a 2 x 2 contingency table all possible contingency tables could only be completely covered by a three- 
dimensional table of Xo f° r each level of significance. In general, however, the distribution of xc is not very 
different for sets of marginal totals which give the same smallest expectation, and for which the observed 
value in any one cell can assume the same number of values ( i.e . tables in which the smallest marginal total 
is the same, this being one less than the possible number of values). 

This property is utilised hr Table VIII, where values of Xc are shown for chosen values of the smallest 
expectation m, and of p, the smallest expectation divided by the smallest marginal total. (For a detailed 
account of the method of construction of this table see Yates (14).) 

In the contingency table : — 


X 

y 

z 

u 

a 

b 


where a^b, and a^.a', so that a is the smallest marginal total, and x is the number in the cell with 

smallest expectation, we have m = aa'/ti, and p = m\a — a' jn. It will be noted that as n increases with fixed 
m and p, a remains fixed and a! : b ' : n is constant. When n is very large the distribution of x tends to that 
of the binomial distribution (p +$')'*. When n takes on its smallest possible value, which is that which gives 
the smallest integral value of a'^a, the “ limiting contingency distribution ” of x is attained. The values of 
Xc for these two extreme distributions are shown in Table VIII, the former in ordinary type and the latter in 
black type. In general the intermediate contingency distributions give intermediate values of x c - 

Furthermore, as p tends to zero with fixed m , the expectations in all cells except that containing x become 
large, and the Poisson distribution is approached, whatever the ratio of a to a’ . Thus for / = o there is only 
one set of values in Table VIII, representing the virtual z 'S and o -5 per cent, points of the Poisson distributions. 
Thus the table can be used to test the significance of departures from binomial distributions with known p 
and Poisson distributions with known m, as well as for contingency tables. 

It should be noted that when there is a zero entry the exact test of 2 X 2 contingency tables involves a 
simple product of factorials easily calculated from Table XXX. When there is a small entry the exact 
calculation is never difficult and is often quicker than interpolation in any existing table. Such tables are 
intended only to save labour in more troublesome cases, and not to obviate the necessity of understanding 
the exact test. 

It may also be noted that for a binomial distribution with p = 0-5, x 2 corrected for continuity can be 
expressed in the form x 2 — — 3 — i) a y (rz where a and b are the numbers of successes and failures («>£). 

This gives a rapid preliminary test, based on the numbers of + and — signs, for quantitative data, such as the 
differences of paired observations, in which the probabilities of positive and negative deviations are judged 
to be equal. The values given in line 4 of each panel of Table VIII show that the continuity correction is 
particularly effective in this case. 


Example 3 

The number of summers (April-September) with periods of over 20 days without rainfall at Rothamsted 
during this century and the last half of last century, are given in Table 1. 

Are the summers of the present century significantly more subject to droughts than those of the last ? 

The value of % 2 , corrected for continuity, is given by 

2 _ ( 13 %-X 44 i — 4 jX 4 4 ) 2 X 105 _ (14X45— 4X43— ji°5) 2 X 105 _ q 

— 49X56X18X87 49X56X18X87 409 
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Thus significance is attained at the 5 per cent, point, since the S per cent, value of for one degree of freedom 

(Table IV) is 3 '841. . . . . , 

Reference to Table VIII confirms that X c gives a satisfactory approximation m this example. The smallest 

expectation *« - 18X49/105 = 8*40, j> = = 49/^5 = °*47- Thfi observed .set lies on the shorter tail 

of the distribution, since the number 4 with the smallest expectation is less than expectation. Interpolation in 
Table VIII (/>= '025) gives a value of 1-92 for the corresponding binomial distribution, and 1-94 for the 
limiting contingency distribution, compared with 1 '96 (= \/ 3 '84*) from the X" distribution. 


Table i. Summers with and without Drought at Rotiiamstki) 



1852-1900. 

1901-1956. 

Total. 

Experiencing drought . 

4 

14 

iS 

Without drought . 

45 

42 


Total 

49 

56 

*°5 


In cases of doubt, or when the exact probability is required, this may be calculated by the procedure given 
in Statistical Methods, Section 21-02. In this example the exact probability is -0201, compared with the value 
of -0217 given by X a and -0202 if Xc is increased by -03, the mean of the differences of the values given by 
Table VIII for P = -025 from 1-96. 


Example 3.1 

If the observations in a 2 x 2 table are distinctly out of proportion (and, indeed, in other cases) we may 
wish to set limits to the true product-ratio. For example, the observed table 


IO 

3 

2 

T5 


gives a crude ratio of 25. How small could the true ratio be, in reasonable consistency with the data ? 


If the expectations were 


the true ratio would be 

and x 2 for the observations would be 


10 — a; 3-fa; 

2 +x 15 —# 


(1 o - *)(i5 - x)l ( 3 4- x)(2 + x) 


X s = x 1 ( — - — 
\ 10— x 


+ ■ 


3 +x 


+ 


1 I 

2 +X ^ 15 


b) 


So, if x were 3-0, 


X s = 3 s ('S 9 2 -86) = 5-3357 

with one degree of freedom. 

The exact probability of such a small sample of 30 giving 10 or more in the first quadrant is 
sum of a hypergeometne senes, and not easy to calculate. Using Yates’ adjustment, however, 


the partial 
we can at 


Xc 2 = (2-5) 3 (-592S6) = 3-7054. 
Further, taking x to be 3-1, we have also 

Xc 2 = (2-6) 2 (-58897) = 3-9814. 
Interpolating for the tabular entry, 3-841, it appears that 


a: = 3'049i> 

giving a cross-product ratio 

I = 2-720. 
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It may therefore be inferred from the data that the true cross-product ratio exceeds 2-720, unless a chance 
of one in forty has occurred. 

Table VIII cannot be applied to this example, but an indication of the precision to be expected may be 
obtained by calculating the complete series for £ = 2-72. The terms are proportional to 

(12. 11). (17. 16) 

3 a.i.f* (2. 3 ).(r.2).f 2 ’ 

The first three terms, corresponding to the table observed and the two more extreme possible tables, give a 
probability of 2-408 per cent. ; slightly higher ratios should therefore be allowed within the 2-5 per cent limit. 
A more exact value for the limit is 2-7534. 

The upper 2-5 per cent, limit may be similarly determined. The value for x, using Yates’ adjustment, is 
found to be 1-5849, giving £ = 327-1, and calculation of the complete series gives a true probability for this 
value of £, of 2-167 P er cent. Thus, even with two very small expectations, the adjustment has given a fairly 
close approximation, though as Table VIII shows, substantially larger discrepancies can arise in certain 
cases with such small expectations. 


Example 4 

In the course of 500 spins of a roulette wheel, zero appears 24 times. What evidence is there that the 
wheel is biased in favour of the bank ? 

If the wheel is unbiased, the chance of zero occurring in any one spin is — , and zero may be expected 

37 

XO ^^2 10 8^2 

13-514 times on the average in 500 trials. The discrepancy is therefore 10-486, x 2 = 1 

13-514 486-486 

= 8-362, and x = 2-892. (Note that the class of non-occurrences as well as the class of occurrences must 
be included when calculating x 2 -) Interpolation in Table Hi for the value 2-892 of the argument 
indicates that the probability of obtaining 24 or more zeros was only -00191. Correcting for continuity, the 
discrepancy becomes 9-986, and Xc S = 7-584, x c = 2- 754i giving a probability of -00294. Referring to 
Table VIII, however, for m = 13-5 and p = -027 (values in ordinary type) we see that the 0-5 per cent, point 
of xc is about 2-80, compared with the value of 2-576 given by normal theory. Thus the true probability is 
somewhat greater than -005. (True value obtained by summing the binomial distribution = -00559.) The 
omission of the correction for continuity introduces large errors, and even the use of the ordinary x 2 table 
gives a probability of one half the true value. 

The problem may also be solved directly by the use of Table VIIIi. Since a is greater than 10 we must 
use the corrections given for a = 11 and over, p = 24/500 = -048 and therefore the conventional standard 
error -\/{«(i— p)} = 4-79. Multiplying this by the normal deviate for P = \ per cent, (single tail) gives 
4-79X2-576 = 12-34. The limits of expectation calculated from the conventional standard error are therefore 
n-66 and 36-34. The corrections given by Table VIIIi for these limits are 4-1-70 and 4-2-80, giving the 

adjusted limits of 13-36 and 39-14, corresponding to probability limits -0267 and -0783. Since — = -0270 

37 

the probability of obtaining as many as 24 zeros in 500 spins is just over -005, agreeing with our previous 
solution. 


Example 5 

Locate the upper and lower 2-5 and 0-5 per cent, points of a Poisson distribution with an expectation of 25. 

If a: is the observed value and this is greater than expectation (i.e. lies on the longer tail) we have 
X„ = (#— 25— For m = 25 ,p = o, Xc = 2 '°S for the 2-5 per cent, point, so that x = 35-8. Hence a 
value of 36 or over has a smaller probability than -025. For the 0-5 per cent, point, x c = 2-76, so that x = 
39-3, giving a value of 40 or over. Similarly, the lower 2-5 and 0-5 per cent, values of x will be found to be 
15-2 and 12-6, giving integral values of 15 and 12 respectively. Normal theory would give x’s about \ a 
unit in error for the 2-5 per cent, points and about a unit in error for the 0-5 per cent, points. 

If the actual value of the probabil ty of obtaining a value of say 14 or less is required, we may proceed 
as follows. At the lower 2-5 per cent, point x c is i-86 and x (normal theory) is 1-96, and at the lower 0-5 per cent, 
point x c is 2-37 and x is 2-58. A value of 14 gives a xc °f 2-I °- Hence by linear interpolation, using x c as 
argument, the corresponding value of x is 

2*io — i*86 

x = i-g64 — — (2-58-1-96) = 2-25. 

2-37 — 1-86 

Reference to Table Hi gives the corresponding probability as -0122. (True value = -0124.) 
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Table VIII i. Limits tor the Probability or an Event 

If an event is observed to occur a times out of N, a lower limit n can be assigned to the probability of 
this event such that if the probability were actually n then an observed number of occurrences as great or 
greater than a out of N trials would only occur by chance with a frequency of P. Similarly an upper limn 
L can be assigned such that if the probability were actually <r 2 an observed number of occurrences as small 
or smaller than a would occur with a frequency P. Corresponding to these probabilities 771 and ir 3 there are 
limits of expectation of the number of occurrences in N trials, namely nyV and tr z N. These limits of expecta- 
tion are tabulated in Table Villi for P = o-i, 0-025 and 0-005 against values of a from o to 10 (with exten- 
sion to higher values) and of N from 2a to o>. The values for N ~ co gives the limits of expectation of 
the Poisson distribution. When the table may be entered with a = IV a. Examples of the use 

of the table have already been given (Examples r, 2 and 4). 


Table VIII2. Densities of Organisms Estimated by the Dilution Method 

One of the methods available for estimating the number of organisms of a given type present in a medium 
is the dilution method. This method can be employed in cases in which the presence or absence of the organism 
can be determined, by.t in which counts cannot be made. 

In the dilution method a series of suspensions of the organism, r levels in all, is prepared, each of which 
is a times as dilute as the preceding one. Each suspension is used to inoculate n tubes with a known volume 
of the suspension, and the presence or absence of the organism is determined by suitable test after a period 
of incubation. The most accurate estimate of the number of organisms per tube at any given level is obtained 
by solving the equation of maximum likelihood, and a method of doing this lias been discussed by Mather (62) ; 
but it has been shown (Fisher, 30) that 87-7 per cent, of the information is contained in the total number X 
of fertile or Y of sterile plates, counted without regard to level. If A is the number of organisms per tube at 
the highest concentration, the value of A for which the expected average number of sterile plates is equal Lo 
the observed number is given by the equation 

Y= ?<e-A-{-«-A/a+ £ -A/<2 a + . , . -p e -A/^-i) 

Table VIII2 enables the solution of this equation to be obtained expeditiously for two-fold, four-fold 
or ten-fold dilution series of any length. All that is necessary is to calculate what may be called the mean fertile 
level, re — X/n, and the mean sterile level, y = s—x, and find the tabular value K corresponding to the observed 
x or y foT the appropriate number, s, of levels. The estimate of A is then given by 


log A = x log a—K, 


In an extended series of dilutions the value of K becomes constant for all values of x and y sufficiently distant 
from the ends of the distribution, except for a periodic component, which, however, is only of importance 
for the ten-fold series. This periodic component necessitates the special form of tabulation adopted for this 
series. 


I loff 2 

The average value of the variance of the mean fertile level is — except at the ends of the series, 

n log a 

where the value increases. The average value of the variance of log A is - log 2 . log a , and this may be used 


in the two- and four-fold series in the range where the tabular entries are substantially constant. The variance 
of the mean fertile level is, however, more stable than the variance of log A. Closer approximation to the 


fiducial limits can therefore be found by using the average value - — — — of this variance, increasing and 

n log a 

decreasing the observed mean fertile level by the appropriate multiple of the corresponding standard error. 
The table can then be re-entered to determine limiting values of log A, and thence, if required, of A. This 
approximation is satisfactory except at the extreme ends of the range. For the same reason the mean fertile 
level should be used in preference to log A when perfonning tests of significance, etc., on comparisons between 
different media. Standard errors should not be attached to A. 

The inclusion of tables for the four- fold and ten-fold series should not be taken to imply that the use of 
these senes is ordinarily advisable. If an adequate number of tubes is available the two-fold dilution series 
should be used, with correspondingly fewer plates at each level, in preference to a four-fold or ten-fold series 
covering the same range. As is shown by the formula given above, the average variance of log A in the centre 
o t e range is the same for a given total number of plates, whatever the dilution factor, but the periodicity 
becomes appreciable for the more coarsely spaced series. 

The number of dilution levels required depends primarily on the range of populations it is desired to cover, 
or any given population density the majority of the information is given by the levels at which the average 
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number of organisms per tube is near i. Thus in a two-fold dilution series in which one dilution level has an 
average of exactly one organism per tube the contributions of the various levels of an infinite series to the total 
amount of information are as follows : 

Average number of organisms per tube . 8 and , , ' anc i 

more 4 2 1 * * * less 

Percentage of information . . . .0-9 12-6 26-4 24-5 16-2 9-3 4-9 5-2 

Por any given population density, therefore, most of the information is contributed by five levels of the series. 
A series of 12 dilutions will therefore amply cover a range of 100 fold, and a series of 15 dilutions a range of 
1000 fold. If more than one organism which can be detected in the same set of tubes is under investigation, 
then longer series may be required, the exact length depending on the relative numbers of the different types 
of organism. 

When a large number of tests involving series of the same length and with the same number of tubes at 
each level have to be made, the experimenter may find it convenient to prepare a special table giving log X 
and A directly for each possible value of the total number of fertile tubes. Such a table may be easily prepared 
from Table Villa. 

In practical work greater precision is often required in one part of the range than in the others. Thus 
the tests may have as their primary object the determination of whether the population densities are less than 
a given standard density, but at the same time a rough estimate of the actual population densities of samples 
differing widely from the standard may be of interest. In such a case the number of tubes should be increased 
at the levels for which the population per tube would be in the neighbourhood of 1 at the standard density, 
e.g. we might increase the number of tubes at levels having 4, 2, 1, J and J organisms per tube at the standard 
density. 

For the estimation of the population densities of dilution series of this type a special table will have to be 
prepared. If there are tubes at each of s levels and an additional n 2 tubes at each of the levels from r - (-i 
to /, the average total number of sterile tubes is given by 

y ~n l y x -\-n i y i = n-y{e-X-\-e-Xl2-\. . . . 

The table can be prepared directly by calculating the values of Y for a series of values of log A, thence deter- 
mining by inverse interpolation the values of log A corresponding to integral values of Y. Alternatively Table 
VIII2 may be used to determine the values of y x and y 2 separately for a series of values of log A, thence per- 
forming the inverse interpolation as before. Values of y 2 corresponding to values of log A falling outside 
the range of the table will in any case have to be computed directly, but this can be done rapidly, using the 
expansion of y 2 in powers of A for small values of A. 

The standard errors of estimates derived from a modified dilution series of this type naturally vary in 
different parts of the range. At the standard density, however, the standard errors will be those corresponding 
to an infinite series of n x -\-n 2 tubes at each level, except for a slight increase due to the shortness of the 
subsidiary series. 

Example 5-1 

Tests with potato flour containing rope spores (B. mesentericus) gave the following observations, using 
5 tubes, each of 1 c.c., of dilutions containing 4, 2, 1, . . ., 1/128 g. per 100 c.c. (E. C. Barton-Wright’s data). 


g. per 100 c.c. 

Number fertile. 

g. per 100 c.c. 

Number fertile. 

4 

5 

i/s 

3 

2 

5 

1/16 

2 

I 

5 

1/32 

2 

1/2 

5 

1/64 

0 

1/4 

4 

1/128 

0 


The total number of fertile plates is 31, and the mean fertile level (#) is therefore 6-2. Hence y is 3-8. The 
table gives K = ’383. Hence 

log X = 6-2 log 2 — -383 = 1-483 
A = 30-4, 

The number of organisms per gram is thus estimated to be 760. 
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The expected variance of the mean fertile level is o-2. The fiducial limits of the number of tubes at 
le V eh to -975 for P are therefore 6 - 2 ±i- 9 6 oX V°* = 5 ‘ 3*3 ^ 7 - 7 7 - ^cntermg the table with 
these values, we obtain limits ofi.n and i- 7 6i for log A, or 407 and 1440 for the actual number of organisms 
per gram The average standard error of log A is V°* 8 i = -135, giving limits of _r •48^-264 = 1-219 and 
i" 7 47 for log A, or 415 and 1400 for the actual number, which may be compared with the more exact limits 

given by the first method. 


Table VIII3. Significance of Leading Periodic Components 
If u (r = 1,2,. . ,, 222+1) constitute a random sample from a normally distributed population, the linear 


functions S{fl t u T ) and S{b r v T ) define a Fourier component, if 


< z r = V 


zitpr 

COS ; , 

222 + 1 222 + 1 




sm - 


2,-npr 


2 22+1 222 + 1 


Values oip from 1 to n give n pairs of components referable to different periods. If A — S(a r ii T ) and B —S(b r u r ), 
then the sum of squares corresponding with the two degrees of freedom for any peiiod is 

X = A s +£ 2 . 


A general test for the existence of a periodic component is therefore provided by seeing whether the 
largest of the values of X for the n periods is greater than might be expected from chance causes. Table VIII3 
shows at the 5 per cent, and 1 per cent, levels the fraction g that the largest of the n values of X may bear to 
the total sum of squares, S(u T — is) 2 . 

When the number of observations in the series is even, 222+2, the coefficients in A and B are 


1 vpr 

= cos — - , 

V22 + I 22 + 1 




1 . Ttfir 

7= Sin . 
V 22 + 1 22 + 1 


Values of p from 1 to n give 22 values of X corresponding with 22 different periods. The table again gives the 
significance levels of the ratio g that the largest X bears to the sum of all 22 values of X. In this case the sum 
of the n values of X, which is the sum of squares for the n periods, is equal to 

S{u T -uf («i— « 2 +« 3 — . . . — 222n +2 ) 2 - 

222 + 2 


The application of the table is, therefore, exceedingly simple although the subdivision of the sum of 
squares into its periodic components is somewhat tedious. The theoretical basis of the table was discussed by 
R. A. Fisher (55). 


Tables IX to IX3. The Probit Transformation 

Many important classes of data may be interpreted on the supposition that a normal deviate is linearly 
dependent on some observable concomitant measurement, and that an observable frequency is that with 
which this deviate is exceeded in a normal distribution. For example, the frequency with which a weight 
is judged to be heavier than a standard increases with the actual weight used ; the frequency with which a 
high jumper clears a rod decreases with the height at which it is placed ; the frequency with which insects 
survive fumigation decreases with the concentration of the fumigant. In many such cases the relation between 
the frequency and measurement concerned is excellently represented by considering the normal deviate 
corresponding to the frequency to be a linear function of the measurement, or, more frequently in toxicology, 
of its logarithm, the measurement being the concentration of the toxin. 

Table IX gives the deviate corresponding with each thousandth of the total frequency, which is exceeded 
by any given frequency ; by means of the difference column it is simply used to ten-thousandths. To facilitate 
standard methods of calculation by making all values positive, 3 has been added to the deviate. The result- 
ing values are known as 1 probits.” It is obvious that the probits corresponding to complementary percentages, 
such as 40 per cent, and 60 per cent., must add to make 10. Beyond 93 per cent, the actual differences are 
inserted, and beyond 98 per cent, the tabulation is by ten-thousandths. By subtracting from 10, these 
advantages may be made available also at the beginning of the table. 

Table IXi, simple quantiles of the normal distribution, gives the deviates corresponding with proper 
fractions. The proper fractions, up to £, having denominators up to 30, are here arranged in order of 
magnitu e. When small numbers are involved this table enables the probits to be found more expeditiously 
than does Table IX. 
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Example 6 

What deviate is exceeded by 4 / 1 7 of a normal curve ? The deviate given is 0*7215, so that if 4 animals 
survive out of 17 the probit is 5 ' 7 - 1 5 • The same value may be obtained by expressing 13/17 as a decimal, 
•7647, and referring to Table IX. 

Dosage Mortality Tests 

When tests have been made on several concentrations it is usual to fit a straight line expressing the probit 
in terms of the logarithmic concentration. The weight assigned to each point will be the number of animal s 
used in determining it multiplied by the weighting coefficient given in Table IX2. It is best to draw a provi- 
sional line graphically, and obtain the weighting coefficients from the probits read from the graph. Some 
workers prefer to draw a provisional line by calculation, using weighting coefficients based on the probits 
empirically observed. This leads to some ambiguity when at any concentration all die (or all survive), for 
such observations nominally give an infinite probit with zero weight. 

However the provisional line be obtained, for refined purposes, such as tests of significance, it should 
be replaced by one based on working probits, obtainable from Table IX2. When all animals survive, 
the minimum working probit in the 2nd column corresponding to the expected probit in the 1st is used ; when 
all die, the maximum working probit in the 4th column is used. Other cases are assigned values greater than 
the minimum working probit by the product of the proportion killed and the range (given in the 3rd column) ; 
the same quantity is obtained by decreasing the maximum working probit by the product of the proportion 
surviving and the range. The working probit is given a weight found by multiplying the total number of 
animals on which it is based by the weighting coefficient in the 5th column of the table. Any tolerably good 
provisional line will give a satisfactory result when this process is applied. An excellent account of the treatment 
of toxicological data has been given by C. I. Bliss (4-7), and the subject is also discussed, from the point of 
view of amount of information, in The Design of Experiments (2). 


Example 7 

The following survival fractions were obtained on testing sets of eight brine-shrimps, Artemia salina, 
from a single brood, in arsenical solutions having concentrations in geometric progression. 

Solution . . . . . , C D E F G H I 

Total tested . . . . .8888888 

Survived . . . . . .8865510 


Since, using strengths C, D and 7 , all or none have survived, the tests with solutions E to H are available 
for plotting probit values, in order to obtain a provisional line. A sufficiently good line may usually be drawn 


graphically. A second serviceable method is to fit 
Thus, using Table IXr, we have 

Solution 
£ 

F 
G 
H 

Total . 
Mean . 


straight line, without weighting, to the probits available. 

Empirical 

Probit. 

■ 4'33 

. . . . 4*68 

. 4*68 

• 6*15 


19*84 

4/9 6 


The slope from four equally spaced points is 


b 


3 ( H -E)+(G-E) 

3 2 +i 2 


• 546 * 


It is worth while giving some attention to obtaining a satisfactory preliminary fit, since otherwise the 
fitting process may have to be repeated. It is also desirable to avoid interpolation by choosing simple values. 
The inclusion of C , D and I will certainly tend to increase the slope, and may lower the average probit. For 
b, therefore, we take the value *6, and take the probit midway between E and G to be 4*9. The provisional 
expected probits are those shown in the 3rd column of Table 2. The remainder of Table 2 is then filled by 
using Table IX2. 

When all die, as for solution /, the working probit has its maximal value, given in the 2nd column 
of Table IX2. This is 6*9394, or *5394 above expectation. (In the calculations for fitting, we may use either 
the working probits themselves to obtain the actual constants of the fitted line, or their deviations from pro- 
visional expectations to obtain adjustments of the constants provisionally adopted. Table 2 is arranged to 
show the first method.) 
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Tabi.k 2, 


Solution. 

Independent Variate 
x , 

Provisional Proliil 

r. 

Working I'rnUf 

.V. 1 

W.ight 

1t[Y. 

c 

3 

2 'S 

2-4081 j 

■7843 

1-7683 

D 

4 

3-4 

2 - 1 ) 0(10 | 


5-5220 

E 

5 

4-0 

4-3775 ! 

,;- 5 '-' 9 i> 

>5 -360(1 

F 

6 

4-6 

4*hS,»h j 

4 -8042 

22-4<)6l 

G 

7 

5-2 

4-(,77() 

5 - 0(93 

2 .V 47«3 

H 

S 

5-K 

( 1-0098 j 

4 

24-5261 

I 

9 

6-4 

6-i)39| | 

2-4 1 5>) 

1 (1-71)49 




! 

( 

j 

-’-"■I’M 7 

109-9163 


More generally, we subtract from the maximal probit a fraction of the range (3rd column of Table IX2) 
equal to the proportion of survivors ; so G gives 

Maximal working probit ..... 6-2759 Range 2-5573 
Range X 5/8 t‘5'^3 


Working probit ...... 4-6 >770 


while for H we have, similarly, 6-0998. 

For E, if all had lived, we should have 3-3443, but as one-quarter have died we add one-quarter o f 
4-1327, giving 4-3775, while for F we find, similarly, 4-6826. 

In all cases the weight assigned to the evidence of each solution is the weighting coefficient, corresponding 
with the provisional probit, multiplied by the number of individuals tested. 

From the sum of the weights, and the weighted sums of a- and y, we obtain the values of .v and y accord- 
ing to the formulae : 

W = S(w), Wx = S(ivx), IVy - SGvy). 

It is convenient to calculate S(wx*) at the same time as A(wx ) ; for calculating these any suitable origin 
such as F (x = C) may be used. The reduced sum of squares of the independent variate is then 

A = Sw(x—x)~ = S(wx 2 ) — xS(?vx) . 

With most types of machine, the values of wy will be written down and summed as in Table 2 ; from 
these it is easy to obtain the reduced sum of products, 


B = Swyix — x) = E(wxy) — xS(wy). 

These quantities are all that are needed for adjusting the regression line, l-'or testing goodness of fit 
we also calculate 

C = Sw(y-y)- = S(wy' i )—yS{wy). 

luining to the numerical values of Table 2, we may note that the three solutions first omitted contribute 
nearly one quarter of the total weight, and a still higher proportion to A, or to the amount of information 
supplied as to the slope of the line. For the others the working probits differ not greatly, but appreciably, 
from the empirical probits first used. 

Numerically, Table 2 gives 

S{wx) 10-7963 S(zvx 2 ) 60-5641 S(wxy) 91-1157 

x -481898 A 55 -3614 B 38-1473 

y 4-906167 b . 68go6 

The recalculated slope, b — BjA, is -68906, This is considerably higher than the provisional value, -6. 
have P thefefore S ° UU ° n ’ the S ° per cent death P oint is found when S. that is -093833 above y. We 


6-481898 

as the estimated 50 per cent, death point, 


. '093833 

*68906 


6-6i8 
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For goodness of fit we find 


S(wy 2 ) 568-6512 

c 2 9-383S 

X 2 = C—Bb 3-0977 n — 5 


Since two constants have been fitted there are five degrees of freedom, so that there is no indication of 
departure from the form of the theoretical expectation. In these circumstances the variance of the estimated 
50 per cent, death point may be taken to be 


Numerically. 



1 ( x — x ) 2 

W + A 


1 jW 

(■IS6) 2 /A 


■044635 

•000334 


■044969 

is -21206 

The standard sampling error of the estimate is therefore -308. 

This is a large-sample method, appropriate if y is sufficiently near to 5, and the slope b sufficiently well 
determined. Failing this, the use of a standard error is not justified, and we should calculate the fiducial limits 
of the 50 per cent, death point, at any chosen level of significance, as Bliss has proposed (5), These are 

A | ^(Bb-t 2 )+( S -y ) 2 j 1 , 

where t stands for the normal deviate corresponding with the level of significance chosen. E.g, the limits are 
5-988 and 7-294, when t = 1-96. 

Had x 2 been excessive, indicating causes of disturbance other than random sampling, the estimated 
variance would be multiplied by x 2 l n > or, in the small-sample treatment, t would be taken from Student’s 
distribution for the number of degrees of freedom in x 2 , and multiplied by x/V* « before use in the formula 
for fiducial limits. It should be remembered also that a significant value of x 2 may throw some doubt on the 
linearity of the regression. 

The example has been chosen to illustrate the expeditious use of the tables. No interpolation has been 
employed, as it would be if the process were repeated, using the results of the first fit as a new provisional 
line. It is, therefore, of interest, as an indication of the precision to be expected, that a much more precise 
fit gives 6-609^-317 for the 50 per cent, point, showing that this value and its precision have been very satis- 
factorily estimated. The slope, estimated at -6891^-1344, is not so good, since the more exact value is 
-7i26±-r574. Here the error exceeds a tenth of the standard error of random sampling, so that, if the slope 
were of importance, a second fitting would have been justified. Finally, from the more exact fit we find 
X 2 = 3 "7 73 in place of 3-098, confirming the agreement with expectation, but showing also that had this 
been doubtful a more exact fitting might have resolved the doubt. 


Bb—t 2 


Dosage Mortality Tests involving a Natural Death Rate 

A further complication arises when there is reason to suspect that some animals have died from natural 
causes operating independently of the poison. If the natural mortality rate is K, the mortality rate, F, actually 
due to a particular dose of poison may be estimated as p — [p*—K)j{ 1— AT), where fi* is the total death rate 
observed. The probit regression line should then be fitted to the probits of p, not to those of p*, using modified 

weighting coefficients obtained by multiplying the coefficients in Table IX2 by pj If 3 -f- - — — | . Values of 

the modified coefficients, adapted from Finney (3a), are given in Table IX3 for values of K from -oo to -40. 

In practice, K is generally unknown. If observations have been made on a control (untreated) group 
of animals, the mortality rate in this group, AT C , is an estimate of AT ; a better estimate will take account also 
of evidence from the lower doses of the poison, especially if one of these shows a total mortality rate less than K 0 . 

For exact work, particularly when K is not well determined by the control group, the method of maximum 
likelihood should be applied to estimate this parameter at the same time as the coefficients a and b of the 
regression line are estimated. A provisional estimate of AT, say K 0 , should be used to give values of p from 
which a provisional regression line may be constructed ; K 0 may be taken as equal to K c , but, if the number 
of animals in the control group is small (or even zero), a suitable guess should be based upon the values of p* 
for the lower doses of the poison. A table like Table 2 is prepared, with the addition of a column for the 
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auxiliary variate x' = Q/Z, tabulated as a function of V in Tabic XIr. A weighted linear regression equation 
0 f y on x an d *' is next calculated, with the modification that the quantities « c (i — A',)/A' 0 and n c (K—K n )\K 0 
are added to the sum of squares of deviations for x' and the sum of products of deviations for x\y respectively. 
Here n c is the number of subjects in the control group, and all weighting coefficients come from the modified 

formula. The sum of squares of deviations for y, denoted hy C, must be increased by -y ~ — as a 

contribution from the controls. The modified notation now used will he clear from examination of Table 2.01. 
The two regression coefficients are estimates of b and 8/(1 A 0 ) respectively j (A D "j-B) is a revised estimate 

of K, and the revised regression equation is Y = a-\-b(x— x), where a = y— x'S/(i ~-A" 0 ). The process may 
be repeated, using the values just calculated as a new provisional set if they differ seriously from Lire first set. 


Example 7.1 

The first three columns of Table 2.01 give the results of a test of the toxicity of an exLract of Derris 
elliptica sprayed on to the sawtoothed grain beetle, Oryzmphilus surmamensis (Martin (43)). The last line 
refers to a control group ; this received the spray medium only, and in it 16.3 per cent, of the insects were 
affected. 

In this example, X„ might well be taken as equal to -163, but, in order Lo simplify interpolation in 
Table IX3 (and to illustrate the calculations more fully), the value -16 lias been us-ed. Values of p have been 
calculated from each p*, their empirical probits plotted against a;, and a straight line drawn by eye on the 
diagram. Trom this line, provisional probits, Y, have been read. If A" 0 were well determined, second 
approximations to a and b could be obtained by the procedure of Example 7, except that the weighting co- 
efficients would he taken from Table IX3 by interpolation for K — -ifi. The values of tv, v, tvx, wy and the 
sums of squares and products from which A, £ and C are derived are shown in Table 2.01. 


Table 2.01 


Log 

Cone, 

(*). 

No. 

Ex- 

posed. 

No. 

Affect- 

ed. 


p 

(dT 0 = 

■ 16 ). 

Emp. 
Pro bit. 

y. 

x\ 

y • 

UK 

wx. 


wy. 

2-79 

125 

1 

I'OOO 

I -ooo 



7'3 

'379 

7-68 

7'9 

22*041 


60-672 

2-66 

ri 7 

E9 

•983 

■g8o 

7 -OS 

7-0 

•421 

7'05 

12-8 

34-048 

5-3888 

90*240 

2-49 

127 

114 

■898 

■879 

6-17 

6 'S 

■516 

6-08 

28-3 

70-467 

14-6028 

172-064 

2*iy 

51 

40 

■784 

'743 

5 '65 

S'6 

■823 

S'6S 

22-6 

49-042 

18-5998 

1 27-690 

I ’S 7 

132 

34 

■258 

•1x7 

3-8i 

3-8 

4 'SS 7 

do 

18-5 

29-045 

84-3045 

70-485 


129 

21 

■1628 


— 

— 

— 

— 

W — 90-1 

204-643 

125-8900 

5 2 1 ■ 1 5 1 


* = 2-2713, «' = 1-3972, y = 57841 

129 X '84/16 = 677-2500, I29X(-i628--i6)/-i 6 = 2-258, 129XC1628 — r6) 2 /-i6 X -84 == -or 


S(urx 2 '). 

S(-wxx'). 

S(jvx^). 

S(wxy). 


3 )-(wy). 

479-5467 

464-8031 

231-7684 

285-9324 

4 IO* 42 I 7 

I 75*8967 

1225-501 

1183-684 

576-060 

728-165 

3014-41 

A = 14-7436 

A' = -54-1640 

2 34 " 5 2 5 ° 

677-2500 

B — 41 -817 

-152-105 

2-258 

123*89 

■01 

A" = 9 ii- 775 o 

B’ = -149-847 

£7 = 123-90 


The addi^ 1 ^ 11 ^ ^ coni P lete > it: also must be included in the maximum likelihood estimation. 
From ft t ell? “f th “ i» Table s.or, where*' _ Q/z is taken from Table IX,. 

columns, squares and products of deviations for *' with * and j must be calculated just as were 
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A, B and C. The lower part of Table 2.01 summarises the calculations leading to equations for the regression 
coefficients on x and x . These are 

I 4 ' 743 ^ — S4 ' i6 ^° (71^ j = 41-817 

—54-1640,4 + 911-7750 ^ j = —149-847. 

The equations are best solved by the method outlined in Statistical Methods (1) , as the inverse matrix of 
coefficients thus obtained leads to the variances and covariance of b and 8. The inverse matrix is 

•0867605 -0051540 

■0051540 -0014029 

whence 

b = 2-8558, 8/(1— JQ = -00530. 

Multiplication of the second of these quantities by -84 gives 8 = -0045, so that the revised value for K , -1645, 
is little different from either the provisional value or that estimated from the controls alone. Also 

« = S' 784 1 — i‘397 2 X-oo53o = 5-7767. 

The regression equation Y = a-\-b{oi — x) is easily seen to agree well with the Y column of Table 2.01, so that 
no repetition of the calculations is necessary. 

Goodness of fit may be tested by calculating 



X* = C-Bb-B'h!{i-K 0 ) = 5-27, 

for which the degrees of freedom are here three (= total number of dose levels, including controls, minus 3). 
This gives no indication of heterogeneity. In cases of doubt, * 2 should be calculated from expected frequencies 
after grouping of classes with small expectations, in the manner described by Finney (3a). A large value of 
x 2 must be interpreted and used in the same way as for the simple probit problem (Example 7). 

The 50 per cent, affected point is estimated to be 


*60 = x+(5—a)lb = 1-999. 


On large sample theory, the diagonal elements of V, » u and & 22 , are the variances of b and 8/(1— A 7 „) respectively, 
and v 12 is the covariance of these. Provided that b 2 is large relative to the variance of 4 , the variance of x so 
may be taken as 


r 2 = - 
<5 2 


^+»h(*bo-*) 2 - 


-2» 12 »'(a: 60 — x)+v 22 x' 2 


I 

( 2 - 8558 ) 2 


= -002964. 


•oiio988H--o8676o 5 x(-272o) 2 

+ 2 X -0051540 X 1 -3972 X -2720-}- -0014029 x(i-397z) 2 


The standard error of the 50 per cent, point is therefore -0544. Here (1-960 ) 2 t»u/ 4 2 = -041, a value small 
enough to justify the use of j- in assigning 95 per cent, fiducial limits to ; if this quantity exceeds -05, the 
limits ought to be calculated by an extension of the procedure illustrated for Example 7. The variance of 
8 is z/ 22 (i — ATo) 2 , which is also therefore the variance of the revised estimate of the natural response rate ; hence 
this rate is estimated to be •1645^-0314. 


Tables X to XIIi. Other Transformations 

The normal or probit transformation may be looked upon as one of a series of methods of transforming 
percentages into more suitable variables. The choice of transformation depends on the mathematical 
specification (the “ model ”) which is considered most appropriate to the data under investigation. When 
this specification has been decided the transformation chosen should be such that the quantities that require 
estimation are simple functions of the transformed variate ; thus in probit work it is anticipated that the 
transformed variate will bear a linear relation to the dosage when the latter is expressed in suitable units (usually 
logarithms), and the quantities that require estimation are the constant term and the slope of this regression. 



The general formula; for the maximum 
values are ; 

Maximum 

Minimum 


likelihood values of the working deviate for given provisional 




Weighting coefficient . 


i /dry 
'X>\dX) 


where P, Q s tan d for the probability corresponding to the provisional value A, 

Tables for the angular, logit and loglog transformations are given in this volume. The angular trans- 
formation 

p = sin 2 


transforms a probability varying from o to i into an angle varying from o° to 90°, and is remarkable in that the 
amount of information concerning ^ is constant. In consequence, in large samples, the sampling variation 
tends to normality with a variance which depends only on the number of observations on which the percentage 
is based. The weighting coefficient for this transformation is constant. In other respects Tables X to X2 
afford the same facilities for handling percentages transformed in this way as do Tables I X to IX2 for the probit 
transformation. This transformation is equivalent to replacing the normal curve of the probit transformation 
by one of which the ordinate is sin 2 96. 

When the extremes of the probability scale have to be covered the angular transformation is often 
inappropriate, since expected angular values outside the range o° to 90° do not correspond to real probabilities. 
A transformation which is often used in such cases when there is no clearly appropriate tin oretical model, and 
when, there is no reason to differentiate between the two ends of the probability scale, is the logil transformation 


* = £ k| g«(//:7) 

Tables XI and XIi provide the necessary facilities for the use of this transformation. As in the 
probit transformation 5 is sometimes added to the transformed variate to avoid negative values, but this has not 
been done in Tables XI and XI 1. The transformation is equivalent to the r, z transformation (r — tanh 2) 
given in Table VIIi, with r = 2^—1. 

In genetics also, Kosambi’s relation between the map distance (x) and the recombination fraction (y) 
between two loci, may be expressed as 

2 y = tanh (p.x) 


so the table may be entered with 2 y for r or for 2p — 1, or with ix for s, 

The logit transformation has the property that for equal intervals in the logit scale the odds {Xp ; A q) are 
changed by the same factor, a difference of ^ log„2 (= o '34657) being equivalent to a doubling of the odds. 
The logit transformation is equivalent to replacing the normal curve of tire prohit transformation by one of 
which the ordinate is ^ sech 2 s. 

Intermediate in character between the distributions of the probit and the logit is the deviate appropriate 
to gene frequencies determined by selection and diffusion, where p, q are related to the standard deviate x by 
the equation 


ddq 

dap 


<\pqx 


The name legit has been proposed for this transformation. The necessary tables have been given by Fisher 

In many physical and biological phenomena the probability of occurrence of a change can be expressed 
m the form b 


In such cases the transformation 


p = 1 — 


u = log s 


—log ,{x—p) 


is of value, since, for example, if two experimental treatments result in different values p, and p 2 of 8 , the differ- 
T^K| S ° tu tra " sf °™ ed ™te when t is the same for both treatments provide estimates of log,^— log # 0 a . 

atl 1 ® lye ne cessary facilities for this transformation, which we have termed the 
complementary loglog transformation, to distinguish it from the direct loglog transformation 

v = log„(-log e /) 
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which is the form usually tabulated. The tabulation of the complementary form has the advantage that the 
transformed variate increases with p , as in the other tabulated transformations. Since the transformation 
is not symmetrical about p = \ the form required will depend on the phenomena under investigation. When 
p is small the complementary loglog transformation is nearly equivalent to the log transformation u = log B p, 
and consequently also (apart from a factor of 2) to the logit transformation. 

In addition to their toxicological and similar applications, transformations are of use in the analysis of 
material which has a very skew distribution, for the purpose of equalising the variance of quantities of widely 
different magnitudes which it is desired to include in the same analysis, and for the purpose of reducing the 
observations to a scale on which the effects of associated variables are more nearly constant. Thus when it 
is required to perform an analysis of variance on a set of percentages, e.g. of the deaths of seedlings obtained 
from plots of a replicated experiment, it is frequently advantageous to transform these percentages by means 
of the angular transformation. As we have seen, this has the effect, in large samples, of equalising the 
component of variance due to sampling, when each percentage is based on the same number of observations. 
The square root transformation 

y = 


has the same property when the observations on each plot are distributed according to a Poisson distribution 
This transformation is equivalent to the angular transformation at each end of the percentage scale. 

The logarithmic transformation 

y = log * 

is useful when dealing with material on which the effects of other variables may be expected to be proportional 
to the numbers involved. The influence of a given increase in temperature on the number of insects caught in 
a light trap, for example, is likely to be proportional to the number of active insects, in which case the increment 
in the logarithm of the catch will be the same whatever the number of insects, unless some of the numbers 
are very small. In this connection it may be noted that the transformation y = log 10 (a;-f 1) is sometimes 
convenient, being substantially equivalent to y — when x is less than 10 and to y = log 10 a: for larger 
numbers. 

Final adjustments can be made to data distributed according to the Poisson disti ibution in the same manner 
as for data distributed according to the binomial distribution. For the square root and logarithmic trans- 
formations the working values and weighting coefficients corresponding to provisional values Y and X are 

Square root Logarithmic (base e) 

Working value .... ^Y-j-x/sY Y — 1 + xjX 

Weighting coefficient , . 4 X 

The use of such adjustments makes proper allowance for the variability of the data in small samples, and thus 
obviates the need, which has been felt in certain quarters, for the use of transformations such as y = -y^as+l) 
in place of y = y/x. It has also the important additional advantage, which accrues also in the transformations 
for percentages, of eliminating the distortion that would otherwise occur when means and other estimates 
obtained in terms of the transformed variate are expressed in terms of the original variate. Thus, for example, 
if x has the values 2, 3, 4, 6, x = 3-75, but the mean of •yfiv is 1-8990, giving on squaring the value 3-6060. 
Taking a provisional value for Y of 1-9 we obtain an adjusted value for x of (o -95 -J-3 ' 75/3 'S) a — 3 ’ 75 1 3 - A 
second approximation would give full accuracy to 6 places of decimals. 

A further use of transformations is for the purpose of facilitating interpolation by obtaining a trans- 
formed function which is much more nearly linear. One example of this, the use of the reciprocals of n x 
and n 2 in interpolation in the table of 2 (Table V), has already been mentioned. The logarithmic trans- 
formation and the transformation of Table XI have frequently proved of use when dealing with functions 
whose argument is a probability. 


Example 7.1.1 

In a study of recombination in the short interval between agouti and ttndulated in mice the data shown 
in Table 2.01. 1 were obtained. These data clearly show a decrease in recombination fraction for both male and 
female heterozygous parents as the age of the heterozygous parent increases. It was desired to test the data 
to see if there was any difference in the rate of decrease for heterozygotes of the two sexes, and whether allowing 
for differences in age, there was any average difference between the sexes (Fisher, 68). 

The angular transformation is suitable. The basic computations are shown in Table 2. ox. 2 and the analysis 
of variance in Table 2.01.3. A preliminary fitting of a regression line to the angles derived from the pooled 
data for the two sexes gave the provisional angles shown in the third column of Table 2.01.2. The corresponding 
minimal angles and ranges derived from Table X2 are shown in the fourth and fifth columns. (Four point 



Table 2.01.1. Recombination Data 


From heterozygous females From heterozygous males 


Age of heterozygous 

Numbers 

Recombination 

Numbers 

Recombination. 

parent (months) 


percentage 


percentage 

0-3 

20/314 

6-37 

16/228 

7-0 2 

3-5 

19/525 

3-62 

26/500 

5-14 

5-7 

29/522 

5 ' 5 6 

20/4.H 

4'0 i 

7-9 

12/267 

4'49 

18/342 

5 " 2 0 

g-i 1 

3/81 ) 


5/222, 


11-13 

oho \ 

2 ‘ 9 I 

2/105 

2' 10 

13-rS 

0/2 J 


0/6 1 



83/1731 

479 

87/1843 

472 





Table 2.01. 

2 Recombination D 

AT A : 

Comb citations 



Age 

t 

Prov. Working Angles 


Females 


Males 


Roth sexes 



Angle 

Min. 

Range 

«i 

</>! >h'k 

;/ 2 

,/q " a r/,._, 

n 


o -3 

— 2 

14-35 

7’02 

ng -3 

3 N 

14-62 4590-68 

228 

I. 5-39 35 o 8-92 

5 - 1 2 

14-9431)1 8099-60 

3-5 

— I 

13-38 

6-56 

127 *2 

5 A 5 

11 -16 5859-00 

506 

13-10 6628-60 

i cm 1 

12- t 1212 124,87-60 

5-7 

0 

12*41 

6-n 

136-5 

522 

13-69 7146-18 

434 

I2'.|0 538l-(IO 

956 

13-IO437 12527-78 

7-9 

I 

ix -44 

5-64 

147-4 

267 

12-26 3273-42 

34 = 

13 "'I 0 4582'8o 

609 

12-QO02O 7856-22 

9-1 1 

2 

10-47 

5-18 

160-3 

81 

ii-ia 900*72 

2 2 2 

8-79 I 95 I' 3‘8 

303 

9-412.87 2852-10 

11-13 

3 

9-50 

4-71 

176-0 

20 

4-71 94-20 

i °5 

8-o6 846-30 

125 

7-52400 940-50 

13-15 

4 

8-53 

4 >2 3 

’ • 

2 

4-23 8-46 

6 

4 - = 3 =5-38 

.8 

4-23000 33-84 



Total 


1731 

21872-66 

1843 

22924-9,8 

3574 

44797 -64 



Mean 



12-635852 


1 2 -438947 


12-534314 



S{^nt) and ? 

■ 

-656 

-■378972 

+ 163 

+ -088443 

-493 

I. 3794 I 


Table 2.01.3. Recombination Data: Sums of Squares and Products 


Females 

Males 

Sex difference 


A [ fi ] 

m ] 

cm 

b 

- 

=335 -4 
3674-6 
195-0 

— * 359-9 
-4548-0 
— 82 -2 

45 « * -3 
7896 -y 
34-6 

--9,830 

— 1-2377) - 

Total 

- 

6205 -o 

- 59 QO-I 

12512-8 

— •9654 

Table 

2.014. 

Recombination Data : Analysis of 

Variance 




Differences 



D.F. and S.S. accounted 
for by : 

D.F. 

S.S. 

D.F. S.S. 

0 

X" 

Effect tested 

Single regression 

Parallel regressions 
Separate regressions . 
Total . 

1 

2 

3 

13 

5782-6 

5842-3 

6455 -S 

I25T2-8 

1 5782-6 

1 59-7 

t 613-2 

10 6057-3 

7 -046 
•073 

‘747 

7-381 

General regression 

Sex difference 

Difference between regressions 
Residual variation 


1 8 



interpolation was used, but linear interpolation would give adequate accuracy for these data.) From these 
values and the observed numbers the working angles, fa and fa, and totals, n l cj >1 and n^fa, are calculated : thus 
(314X 7-02+20X 119-3)1^14 = 14-62. The marginal totals and means are then entered as shown. The 
weights attached to the angles are proportional to the total numbers n in each class. Consequently the total 
sum of squares is given by S<j> 1 (n 1 fa)-\-Sfa(n 2 t f> 2 )—$S(n 1 <l, 1 -\-n 2 'l> 2 ). 

The regressions of the separate sexes, and for both sexes together, on the age variate t are obtained by 
calculating, from the data for each sex separately, and from the pooled data for both sexes, the quantities 

A = Sn{t- 7 f, £ = Snfat—t) = St(nfa — 7 Snj> 

where 7 is the appropriately weighted mean of t. The values of A and B and of C, the corresponding sum of 
squares for </>, are shown in Table 2.01.3, together with the regression coefficients. These regression coefficients 
are given by BjA, and the sums of squares accounted for by B 2 /A. If parallel regression lines are fitted to the 
two sexes the above sums of squares and products for the two sexes separately must be pooled, so that the 
regression coefficient is (B^B^^A^A^) and the sum of squares accounted for is ( £ 1 -\-B 2 ) 2 l(A 1 J r A 2 ). 
For the separate regressions, and for parallel regressions, the sum of squares due to the difference between the 
means of the sexes, namely faSn 1 cj> 1 -^-({> !l Sn i fa—<fiS(n 1 'l> 1 -\-fi 2 tly 2 ) = 34-6, must be added to give the total sum of 
squares accounted for. 

The sums of squares for testing the various items are found by taking the differences of the sums of squares 
accounted for. The corresponding x 2 values are obtained by dividing by 820-7. These are shown in Table 
2.01.4. The decrease with age is clearly significant, but the difference, + -2626 in favour of males, after allowing 
for differences in mean age between the two sexes is substantially smaller than its standard error, nor is there 
any significant difference between the regressions for the two sexes. The residual variation also conforms with 
expectation. 


Table XIII. Scores for Linkage Data from Intercrosses 

Much linkage data with plants is obtained by selfing double heterozygotes, which may be in coupling or 
in repulsion. In some cases, especially with animals, single or double backcrosses may also be available. 
The compilation of such complex data, for the estimation of linkage, or the examination of heterogeneity, is 
much facilitated by efficient scores, based on the method of maximum likelihood, such as have been developed 
for human genetics. 

Such scores possess the properties (i) that the scores are linear functions of the frequencies observed, 
(ii) that the expected score is zero if the trial value is correct, (iii) that the ratio of change of the 
expected score with change of trial value is equal to its sampling variance, and to the amount of information 
to be expected from such a body of data as is available. Estimation from a single body of data thus consists 
in finding the value for which the total score vanishes. The efficiently weighted combination of different lots 
of data consists simply in adding their scores. Homogeneity is tested by recognising that the square of 
the score divided by the amount of information is x 2 for one degree of freedom. If m is the expectation of 
any distinguishable class, expressed as a function of the unknown parameter 0 , the efficient score for cases 
observed in that class may be taken to be 


x dm 
m 98 " 


For double heterozygotes intercrossed the two singly recessive classes have the same expectation and the 
same score. Table XIII gives the means of scoring such data in coupling and repulsion for each 1 per cent, 
of the recombination fraction, y, the quantities tabulated being : 


Double dominant 
Single recessives 
Double recessive 


Coupling 

Repulsion 

2(1— y) 

2 y 

2+(i -yY 

2 +y 2 

I I 

1 1 

j 2 y 

i—y i-fjy 

2 

2 

i—y 

y 


The signs in the table are for 6 ~ 1 — y, where y is the recombination fraction, in order that evidence for 
linkage (jv<-s) may be supplied by positive scores at 50 per cent. 

Data should be scored at two adjacent values giving positive and negative scores. One hundred times 
the difference then gives the amount of information to a good approximation. For more accurate work, and 
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beside which we can calculate the parallel quantities, 

P ' *= (j3+8)y-f (<i+y)S, 

Q' = (j 9 +S) /?+(«+/)-/, 

to be used in the cases in which recombination takes place in the second .sepmrnt. 

To bring in the third segment we make the similar calculation 

R = /M-<2/3, a " A-K ; 8, 

S = PS + Qa, S' *--- Pp A-Qy. 

with the same variation for recombination in the third segment, ami, of course, vising /", Q' in place of P and 
Q for the cases involving recombination in the second segment. 

Equally, for the fourth segment, we take for each of the four pairs ol values R, .V 

T = Ra-\-Sp, T‘ ^ Ayd-AS, 

f/=/es+.S’a, IP ~ Pp-\-Sy, 

giving eight pairs of values for the eight distinguishable classes of gamete. Using the segmental functions 
of the fifth segment, we have from each of these pairs 

W-5)-K/(a-|-y) 

the eight values of which should check to a total calculable in advance, namely the hyperbolic cosine of twice 
the total arm-length from centromere to terminus. 

The expectations corresponding with assigned lengths of segments arc, then found by dividing each by 
cosh 2 U, where U now stands for the total metrical arm length. (References 58, sy, do, 6r). 


Example 7.3 

An arm is divided by four markers P t Q, R and £ into live segments with metrical lengths 10, 25, 20, 15 
and 5 cM, where the ccntimorgan is defined as 1 per cent, of the: metrical unit. To apply the. computational 
procedure outlined above, these lengths arc first doubled to give the first two decimal places of the arguments 
of the segmental functions to be used. The first argument is therefore -20 and the second -50 ; we take then 
directly from the table : — 

(jS-f-S)('2o) = -2013360 af-jo) = 1 -0026043 5 ( • 50) -- -0208349 
( a +y)(' 2 °) = 1-0200668 fK'5o) = -5002604 y(-5o) ---=• 12502x7 

from which the pairs P, Q and P\ Q 1 are calculated directly, as shown in Table 2.02 with the remaining 
calculations completed. 

Since the differential coefficients of these functions are the same functions permuted, the rates of change 
of the eight frequencies for variations of the segment lengths are obtained by calculations involving the same 
tabulated values. Segment lengths may then be estimated from observed frequencies by the method of 
maximum likelihood. Estimates of unmarked segments will, naturally, have a very low precision. 


Tables XV and XVI. Latin Squares 

Latin squares of size 7x7 and smaller have been enumerated (n), (22), (66). For 4 X4 and 5X5 squares 
all the standard squares («,e, squares with first row and first column in the standard order) arc shown in 
Table XV, except that only one of each pair of conjugate 5x5 squares is given (two standard squares are 
conjugate if the rows of one are the columns of the other). From each 4X4 standard square 413! — 1 non- 
standard squares, all different, may be generated by permuting all the rows except the first, and all columns. 

us each 4X4 standard square represents a set of 144 squares. There are consequently- 4X144 or 576 
4X4 Latin squares. Similarly, there are 56X2880 or 161,280 5x5 Latin squares. There is one 2X2 
standard square and one 3X3 standard square, giving two 2X2 squares and twelve 3 X 3 squares in all. 

or x squares one square of each transformation set ( i.e . set generated from one of its members by 
permu a on o rows, columns, and letters), or of each pair of conjugate transformation sets, is shown. Such 
r(WSl c °l™ and letters wil1 generate ( 6 » 3 or 373,248,000 squares, of which 6x6 1 or 432° 
h . ■ , J . squares ' T ese squares are > however, not necessarily all different, the largest number actually 

any one x set being one-quarter of the possible number, i.e. 1080 standard squares, and the 
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Table 2.02 



A\ .S'. 

r, u. 


Frequen cy 

Segments 





per cent. 

recombining. 



1-4348573 

1-1899512 

50-584 

None 


i-i =37739 

i -04x0167 




x -0356102 

‘0552312 

•39I2H2 

16-630 

( 4 ) 

p -7121594 


■383758s 


Q 1-0269182 

-0679309 

■1780864 

■3675134 

•3871909 

16-459 

( 3 ) 


•3670838 

•0047088 

-0368998 

•o 3755 6 i 

1-596 

( 34 ) 



■2065418 

•2515250 

10-692 

(2) 


•I 37793 K 

•2289896 

•2296870 






■0072313 

■0526285 

2-237 

(24) 

P' -0464244 


•0516457 



Q' -2282509 

■0061490 

•0368351 

•0172024 

■0368752 

•0387828 

1-649 

(23) 



•0004425 

•0035024 

■0035643 

•152 

(234) 




2-3524100 

99-999 




cosh 1-50 

2 ’3524096 




smallest number one 21 Oth, i.e. 20 standard squares. The actual numbers in each transformation set are 
shown in the table. There are in all 9408 standard 6x6 squares, giving 812,851,200 6x6 squares in all. 

By permuting with each Other the three categories, rows, columns, and letters, six sets are formed, not 
necessarily all different. These sets are said to be ad-jugate. In the case of the 6x6 squares each pair of 
conjugate sets and the set immediately following them in the table form an adjugate trio of sets. The remain- 
ing sets are self-adjugate. 

Norton (22) has enumerated 562 sets of 7x7 squares, of 146 species, containing 16,927,968 standard 
squares. Later, A. bade, using a different method of enumeration, obtained the value 16,942,080 for the 
number of standard 7X7 squares ; he has subsequently discovered a 147th species (66) which accounts for the 
discrepancy of 14,112 standard .squares. Four examples are shown in the table. Square (a) is a member of a 
transformation set in which the squares generated by the permutation of rows, columns and letters are all 
different. It thus contains (7 !) 3 or 128,024,064,000 squares, of which 7X7 I or 35,280 are standard squares. 
The sets generated by the adjugate permutations are also all different. The example thus stands for an aggregate 
of 211,680 standard squares. No Graeco-Latin squares can be formed with any of these. 

Square ( b ) differs from square ( a ) only by the interchange of two pairs of letters, B and C in the 5th and 
6th columns. It belongs to a set of only 11,760 standard squares, which is one of an adjugate trio of sets, 
giving 35,280 standard squares in all. One-seventh (1680) of the standard squares of one of these sets are 
self-conjugate. Again no Graeco-Latin square can be formed. 

The third illustration is a Graeco-Latin square, with the fourth category (Greek letters) represented by 
numeral suffixes. No fifth category can be added. The suffixes are standardised by assigning them in their 
natural order to the first row. The Latin square involved is one of a set of only 210 standard Latin squares, 
but the same transformation of the Graeco-Latin square yields a set of 1680 standard Graeco-Latin squares, 
containing eight different standard arrangements of the suffixes in each Latin square. These eight solutions 
are in fact all that exist, so that this set of Latin squares belongs to only one Graeco-Latin set. Permutation 
of the three categories, rows, columns, and letters, yields the same set, but if suffixes are interchanged wilh 
rows, columns, or letters, three more sets of 1680 standard Graeco-Latin squares are formed (6720 in all). 
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The three new sets all involve the cyclic Latin square shown as the fourth example. There are only 
i2o standard Latin squares in this set, so that each has 14 solutions in each of the Graeco-Latin sets, or 42 in 
all Under orthogonal squares are given six 7X7 squares, of which the first is the above Latin square, while 
the rest are five more Graeco solutions which belong to a second set and are mutually orthogonal. 

Until recently little was known about squares larger than 7x7, other than the orthogonal properties of 
the special sets shown in Table XVI. In Table XV a single example of each sue fn >111 8 x 8 to 1 2 x 1 2 is given. 
These examples will suffice (after permutation of rows, columns, and letters at random) for experimental 
arrangements requiring Latin squares of these sizes. 

To select a square at random from all possible squares of a given size up to 6X6 proceed as follows : 


(1) Select one of the given squares by using the key numbers printed below each square, selecting a 

number at random from all possible key numbers. If the key number falls in the second of two 
groups use the conjugate square. 

(2) In the case of 3X3, 4X4, and 5X5 squares permute all rows except the lirsl of the selected square, 

and all columns. Alternatively permute all rows except the first and assign the letters to the 
treatments at random. For 6x6 squares permute all rows and all columns at random, and then 
assign the letters to the treatments at random. 


Tabic XVI gives complete sets of orthogonal Latin squares of sides 3, 4, 5, 7, .S, and 9 . Two Latin 
squares are orthogonal to each other if, when they arc superimposed, every letter of one square occurs once 
and once only with every letter of the other. Such a pair of squares (one square being written with Greek 
and the other with Latin letters) form a Gracco-Latin square. 

If a complete set of/— 1 orthogonal squares of side/ exists, the / 2 ~i degrees of freedom corresponding 
to the contrasts of the/ 2 cells of the square split up into /-j-t sets of p — i degrees of freedom, corresponding 
to the contrasts between the rows, between the columns, and between the letters of each of the / — 1 squares. 
A set of less than/ — 1 orthogonal squares gives a similar but incomplete partition. 

Complete sets of orthogonal squares are known to exist for all prime numbers and powers of primes. 
(See The Design of Experiments}) The rule of formation for all prime numbers will be apparent from inspection 
of the sets for / = 5 and / — 7, each row being formed by moving the previous row 1, 2, 3 . . . places to the 
left. The existence of complete sets of orthogonal squares, for all prime-power values of /, was proved 
independently by R. C. Bose (63) and W. L. Stevens (64). See also R. C. Bose and K. R. Nair (65), 

The rows of the 8x8 squares may be taken to represent the 8 combinations of three two-level factors 
A,.B, and C, in the order (r), a, b, ah, c, ac, be, abc, and the columns may be taken to represent the similar 
combinations of a further three factors D, E , and F. The 64 cells of each square will then represent the 64 
combinations of the 6 factors. The numbers of each square will divide these combinations into S groups of 
8, the contrasts among which will represent a set of 7 degrees of freedom orthogonal to A, I) and C and 
iheir interactions, and to D , E, and F and their interactions, and also to the six other sets of seven degrees of 
freedom given by the other six squares. In the squares shown these degrees of freedom correspond to 
specific interactions between the six factors. The interactions corresponding to 3 degrees of freedom from 
each set are shown in the table, the remainder being given by the “ generalised ” interactions of these three. 
Mote the law of formation of each set from the preceding one, corresponding to the cyclic interchange of all 
the rows of the square except the first, 

Ihe set of 9X9 squares possesses similar properties. The actual degrees of freedom confounded, when 
the cells of the squares represent the 81 combinations of four factors at three levels, tire given in terms of the 
notation developed by Yates (3). 

Besides their use in ordinary factorial design, complete sets of orthogonal squares serve as the basis of 
quasi-factorial and quasi-Latin square designs (balanced lattices and lattice squares) and also serve to generate 
other designs in balanced incomplete blocks. (See (15), (16), (17), and Tables XVII-XIX.) Pairs and 
arge.r incomplete sets of orthogonal squares (Grasco- and hyper-Grzeco-Latin squares) also provide designs 
For varietal trials superseding the so-called semi-Latin squares^). 

An orthogonal pair of squares exists for all odd numbers, being formed of two “ diagonal ” squares 
squares of the type of the 5 X 5 squares I and IV), Such a pair also exists for all numbers which are multiples 
0 4 ' e P rocess of generation, which depends on the existence of orthogonal pairs of squares for factors of 
the number, may be illustrated for a pair of 12 x 12 squares. Let a and a' represent the 4 X 4 squares I and II, 

Then ^ ^ 7 and V ’ thS SamS SqaareS Wlth *’ 2 ’ 3 ’ 4 re P laced b y S, 6, 7 , 8 and g, ro, n, 12 respectively. 

a ? Y a p' y' 

P y a and y a' /?' 

y o |8 y a 
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form an orthogonal pair of 12X12 squares. The process will generate larger orthogonal sets if such sets 
exist for both factors of the number. Thus there will be a set of three squares of side 20. 

Bose et &l. recently investigated the existence of larger orthogonal sets of 12x12 squares } using a com- 
puter. They found two sets of 5 squares (76) and a class of sets of three squares (77). Either set of 5 squares 
can be used, for example, to construct a seven-fold lattice for 144 varieties in 84 blocks of 12 plots each. Both 
sets of S squares can be generated from the standard 12x12 square shown in Table 2.03 below by rearranging 
the rows so as to give one of the following sets of first columns 


1 3 2 11 10 r 2 4 6 5 8 7 9 

1 11 5 9 3 7 10 2 8 6 12 4 

1 6 10 3 in 8 9 5 12 2 4 7 

1 7 6 8 12 5 3 9 11 4 2 10 


1 3 2 8 7 9 10 12 n 5 4 6 

1 8 5 12 310411 2 9 67 

1943 11 86s 12 2 7 10 

110122611938 7 54 


It may he noted that the standard square can be transformed by intramutation into the square 


“ P Y 

P v 

V «■' p 

where a etc. are as defined above. 

It was shown independently by Tarry in 1900 (72) and by Fisher and Yates in 1934 (n) that no ortho- 
gonal pair of 6 x 6 squares exists. Euler had conjectured, and several later mathematicians had purported to 
prove, that this was true also for larger squares of side 4s + 2. An event of importance was the development 
in 1959 by Bose, Shrikhande and Parker (73, 74) of a method for forming orthogonal pairs of squares having 
sides of some numbers, such as 10 and 22, of the form 4J + 2. They also proved (75) that such pairs exist for 
all $>1. The ioxio square given in Table 2.03 is a transformation of the first 10x10 square of this kind 
to be published (73). This form has an intercalated 3 X3 Grec co-Latin square on the leading diagonal, flanked 
by two 7x3 patterns which 011 inspection arc seen to be You den squares both in their letters and their suffices. 
The remaining 7x7 portion has diagonals in the letters ABC and the suffices 123. The seventh diagonal is 
compounded of all the other letters and figures. The square possesses seven-fold symmetry by the intra- 
mutation 

(D E F G H I J) 

(456789 10) 


Table 2.03. Orthogonal toxio Square and One of a Set of Five 12x12 Squares 


A 

A 

A 

D . 1 

A 

A 

A 

A 

A 

A 

A 

A 

Ao 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Ao 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Ao 

A 

A 

Ac 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Ao 

A 

A 

A 

A 

Cm 

A 

A 

A 

A 

A 

A 

A 

a 

A 

A 

A 

Ao 

A 

£10 

A 

A 

A 

A 

A 

A 


A 

Ao 

X 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

A 

A 

2 

3 

4 

s 

6 

1 

8 

9 

10 

II 

12 

7 

D 

jp 

3 

4 

5 

6 

1 

2 

9 

10 

11 

12 

7 

8 

^10 

A 

4 

5 

6 

1 

2 

3 

10 

11 

12 

7 

8 

9 

J2 

A 

S 

6 

1 

2 

3 

4 

11 

12 

7 

8 

9 

10 

A 

D s 

6 

1 

2 

3 

4 

s 

12 

7 

8 

9 

10 

11 

A 

A 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

S 

6 . 

A 

A 

8 

9 

10 

11 

12 

7 

2 

3 

4 

S 

6 

r 



9 

10 

11 

12 

7 

8 

3 

4 

5 

6 

1 

2 - 

_z ? 6 

A 

10 

11 

12 

7 

8 

9 

4 

5 

6 

1 

2 

3 : 

A § 

A 

11 

12 

7 

8 

9 

10 

5 

6 

1 

2 

3 

4- 

A 

A 

12 

,7 

8 

9 

10 

11 

6 

1 

2 

3 

4 

5 


Tables XVII to XIX. Balanced Incomplete Blocks 

If v varieties (or treatments) are to be compared in randomized blocks of k experimental units (k being 
less than v), block differences can be simply eliminated if the arrangement is such that every two varieties 
occur together in the same number (A) of blocks. If t is the number of replicates, and b the number of blocks, 
the number of experimental units is rv(= bk), and A = r(k — i)/(& — i). Examples of experimental material 
and processes in which this type of arrangement, called balanced incomplete blocks , is likely to be of use are : 
litters of animals, monozygotic twins and other paired material, laboratory and technological processes in 
which the nature of the process or the apparatus available imposes a definite limit on the number of 
treatments in a group, agricultural experiments on commercial farms when each farm is only prepared 
to undertake a small number of treatments, and varietal trials involving a large number of varieties. (See 
also Yates (16).) 



Arrangements satisfying the required conditions are clearly provided by taking all possible combinations 
of the v varieties k at a time, but if v is at all large, the number of replicates required will be very large. 
Arrangements involving fewer replicates are therefore of importance. Tables XVIII and XIX give indexes, 
by number of replications (r), and by number of units in a block (M) respectively, of the arrangements requiring 
ten or less replications which are known to exist, and of all arithmetically possible arrangements, the 
existence of which had not been disproved at the date of the first edition. Since then the non-existence of 
solutions of Nos. 10 and 14 has been demonstrated by Q. M. Hussain (44, 45), and No. 8 has been eliminated 
by H K Nandi (46). These cases are marked by an asterisk, Cases not yet solved are marked by a dagger. 
General discussions of the construction of incomplete block designs have been given by R. C. Bose (31), and 
C. R Rao (47). The solutions for Nos. 26 and 27 and those for Nos. 17 and 20 are due to K. N. Bhattacharya 
(50, 32), Schiitzenberger (48) has since proved that if b = v, and they arc even, then a solution is impossible 
unless r—\ is a perfect square. This confirms Hussain’s rejection of No. 10, and excludes No. 30. Theorems 
of S. Chowla and H. J. Ryser (53) and S. S. Shrikhande (49) confinn the impossibility of No. 14, and exclude 
other cases (beyond the range of the table) with b = v, when they are odd. W. S. Connor (31) has found that 
designs Nos. 12 and 28 are impossible. 

The co mbina torial solutions which are referred to by numbers are shown in Table XVII. Those involving 
all combinations are indicated by u (unreduced), and the two series derivable from sets of orthogonal squares 
(described below) by o.s. When k>\v arrangements can be obtained from arrangements for the same 
number of varieties in blocks of v—k units, by replacing each block by its complement, i.e, by a block 
containing all Lhe varieties missing from the original block. 

Sometimes the blocks may be arranged in groups so as to minimise the inter-block variance. Each such 
group must contain an equal number of replicates of each variety. In general it is not possible so to arrange 
things that each group of blocks contains only a single replication, Such groups as are possible in Lhe designs 
of Table XVII are indicated in the table itself. Other arrangements possessing this property are possible in 
certain cases when a multiple of the number of replications required for the designs of the table are used. 
Thus when k = a balanced design and its complement will give such tt grouping. Within each group 
the arrangement of the blocks should be at random. 

Some of the combinatorial solutions are derivable very simply by cyclic substitutions. In such cases one 
block only for each family is given in Table XVII, In solution number 2, for example, the block acfgi is given. 
The contents of the other 10 blocks are obtained progressively by replacing each letter by the next in order, 
with the convention that the last letter k is followed by a. Thus the blocks are ae/gi, bfghj , cgkik, dhija, etc. 

For the dicyclic solutions a similar procedure holds. In solution number 5, for example, the 16 varieties 
are represented by 4 letters in combination with 4 suffixes. The 16 blocks are generated by performing the 
cyclic substitution on the letters (thus obtaining 4 blocks) and then performing the cyclic substitution on the 
suffixes of each of these 4 blocks. 

Some of the cyclic and dicyclic solutions consist of more than one family, each family being generated 
by a cyclic or dicyclic substitution of the above type. 

Two series of arrangements and their complements arc derivable from compleLe sets of orthogonal Latin 
■squares (Table XVI). In the first, for p 2 varieties in p(p-\-i) blocks of p plots (r p- |-i, A = 1), each of the 
p- cells of the set of squares is taken to represent a variety, the blocks being determined by the rows, the 
columns and the numbers of the p — 1 squares. In the second, ior p 2 -\-p-\-i varieties in p‘-\-p-\-i blocks of 
p+i plots (r =p~\- 1, A = 1), p 2 of the varieties are divided as in the first arrangement, each of the^-pi 
additional varieties being allotted to one of the p-\- 1 sets of blocks so formed, while Lhe last block consists 
entirely of these additional varieties. Thus the set of 4X4 squares gives the following arrangements for 16 
and 21 varieties (the latter including the bracketed varieties) : 


abed (?) 
efgh (?) 
ij k l (?) 
m n op (?) 


a ei rn (r) 
bfjn \f) 
cgko {f) 
d h Ip ( r ) 


afkp (r) 
b e l 0 (s) 
chin (s) 
d gj m (r) 


agin (f) 
b h km (/) 
c ejp (/) 
dfio if) 


a hj o ( u ) 
bgip («) 
cf l m («) 
d e kn (u) 


(q r s t u) 


e second of these series, at least up to 10 replications, may also be generated by the cyclic substitutions 
s own m a e 2.1. For convenience the varieties are here represented by numbers instead of letters. The 
irst series may t en be obtained from the second by deleting any set of varieties occurring in the same block. 

.. a . es J 1 a , XVIIIi extend Tables XVII and XVIII to arrangements requiring fifteen or less 

ep ica ions. ® se ^ ^ es arc based on tables by C. R, Rao (79), Since their publication Rao has supplied 

solutions for No. 64 (due to himself), for No. 80 (P. K. Menon), and for Nos. 46 and 49 (S. S. Shrikhande). 
Tte last two were derived from the partially balanced incomplete block design No. S 1 14 given on p. 222 of 

so on for t-lip 10 ^ 6 UrS K ° r xt 49 18 , t0 co rabine a11 blocks containing the number 1, omitting this number, and 
43 num ers. 0. 46 is derivable from No. 49 by omitting one block and all the numbers in that 
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Tabi.k 2.1. Cyclic Solutions for Balanced Incomplete Blocks 


['inblt’in. 

Modulus (2/). 

0 . S. 2 

7 

0. s. 3 

RI 

2 

1 1 

0. s. 4 

21 

^ 5 

31 

9 

15 

0. s. 7 

57 

19 

1 9 

23 

37 

0. s. 8 

73 

0 . s, 9 

91 


Selected numbers. 

C 2, 4 
i, 2, 4, 10 
T . 5 , 6, 7 , 9 

I) 4. Si 1°. 12 

i, 2, 4, ri, rs, 27 

b 2 > 3> 5 , 6, 9, 11 

b 4, 6, 14, 15, 2i, 33, 37 

b 3 , 5 . 6. 7 . 8, 11, 14, 13 

1, 2, 4, 8, 18, 25, 26, 30, 36 

1, 2, 4, 8, 1 6, 32, 37, 55, 64 

!, 2, 7, 11, 24, 27, 35, 42, 54, 56 


To these may be added the unreduced (it) designs with k = v~i. See also the dicyclic solutions in one family (No. 5), in two 
families (No. 13), and the cyclic solutions in two families (Nos. 4, n, 29) and in three families (No. 18) of Table XVII. 
The unreduced ( u ) design with k = 2 and v odd has an obvious cyclic solution in £(v — 1) families, and by taking complements a 
corresponding result is obtained when k =- v— 2. 


block from the other blocks. These two designs are not given in Table XVIIi, since no compact representation 
has yet been found. The solution given by Ruo for No. 56 is not completely balanced and has therefore been 
omitted. 

The reference system in Titbit: XVITIi is that given by Rao, P and E indicate designs that arc derivable 
from projective and Euclidean finite geometrical configurations. P{z, x ) : 1 and E( 2, x) : 1 correspond to 
the solutions (o.s.) based on orthogonal squares of side ,r of Table XVIII. 

In. Table XVIIi numbers are used instead of letters to denote the varieties, as in Table 2.1 above. Mod ( x > 
indicates monocyclic permutation over the range x to x ; mod ( x , y) dicyclic permutation over the ranges 1 
to x and 1 to y of the components. In monocyclic solutions in one or more families an invariant variety is; 
assigned the number .v+i, so that, for example, in No. 32 the varieties are numbered consecutively from; 
1 to 12. In dicyclic solutions an invariant variety, additional to the dicylic set, is denoted by I. Numbers or 
components which arc not to lie permuted arc printed in bold type. 

Youden's Squares 

It has been shown (Youden, 21 ; Smith and Hartley, 52) that when b = v it is possible so to arrange the 
order of the varieties in the blocks that each variety occurs once in each position in the block, and it is thus 
possible to eliminate experimental differences between these positions, each of which comprises a complete 
replication. . 

For example, experimental material consisting of 13 plants each with 4 corresponding leaves may be 
assigned to 13 treatments so that each treatment occurs once on each type of leaf. At the same time the 
13 plants constitute randomized blocks of 4 treatments each, in which each treatment occurs on the same 
plant once with every other treatment, Similarly a varietal trial of 13 varieties in blocks of 4 may be arranged 
on the ground in a 4X13 rectangle of plots so that both row and column differences are eliminated from the 
varietal comparisons. 

In drawing up an actual experimental arrangement of this type the blocks should be assigned to the 
plants (or arranged on the ground) at random, and the experimental treatments (or varieties) should be similarly 
assigned to the letters. 

A cyclic or dicyclic substitution which gives an incomplete block solution will also give the corresponding 
Youden square, provided that each block is written in the order in which it is generated. The complementary 
Youden square solution may be obtained by performing the same cyclic substitution on the block which is 
complementary to the given block. Of the remaining solutions of Table XVII for which b — v, No. 20 is 
arranged in the form of a Youden square, and a Youden square form of the solution for No. 27 is shown in 
Table 2.2. 

Cyclic and dicyclic solutions in two or more families provide an extension of Youden squares. In these 
the differences corresponding to the positions in the blocks of each family may be eliminated, e.g. 9 degrees 
of freedom in solution No. 29 for 10 replicates of 41 varieties. Solution 15 is also given in the form of an 
extended Youden design. Each variety occurs 3 times in each position in the blocks, and the 2 degrees 
of freedom between the three positions can be eliminated. This form of No. 15 (and Youden solutions 
of Nos. 20 and 27) was given by S. S. Shrikhande (54) in a study of designs for two-way elimination so 
heterogeneity. 
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Table 2,2. Youden Square Solution ( b — 'o - — 3h ^ ^ IO ) 

abcdefghij i m t g u j B q v z qrknjDbcxu yejBkzraEs 

blqupatyeo fyhftnmowr rfliBCvbDy zwveqkfdln 

c k d v x o i t s v kobshwqCBg stnDbvzAah A x e m r s l i A q 

d q mivA c DB y a ICrtagwzcx t p i k D e C j A iv Biaxspuwnf 
e B x b m Ed n t C mzfpgyAxbk uhBcEAklft C a u v dr k kpm 
fsCocmeuzD nAsCyujgdl vjivElbspmc BEgqftpsrd 

gDEanlomki onprvBcegA wuzAidErob EgJDhwxyvue 

he yzCinEqp pdolzhxDjB xvAjoqafCE 

Besides balanced incomplete blocks and Youden squares a number of different types of non-balanced 
arrangement are also available, namely quasi-factorial arrangements, described in (25) and (26), lattice squares 
(29), and partially balanced arrangements (28). The various types of arrangement are reviewed in (3) and 
(29). The experimenter should acquaint himself with their advantages and disadvantages before deciding 
which is most appropriate for his own needs. 


Analysis of Balanced Incomplete Block Experiments 


In the analysis of incomplete block experiments the block differences may be eliminated entirely from 
the varietal comparisons (Yates, 16), or, as has been shown later (Yates, 23), the information contributed by 
these comparisons may be combined with that provided by the intra-block comparisons, with weights 
depending on the relative accuracy of the two sets of comparisons (as estimated from the experimental 
results). 

If the choice of blocks has been successful in substantially reducing the variability of the material, then 
the amount of information contributed by the inter-block comparisons will be small, but in the limiting case 
when the inter-block and intra-block comparisons are of equal accuracy, the fraction of the total information 


contained in the inter-block comparisons is given by the efficiency factor E = 
the value i when k — 2 and v is large. 


7 - = -7, which approaches 

1 — ijv rk 


In general therefore, it is worth recovering the inter-block information, except in small experiments 
with less than 10 degrees of freedom for blocks, in which the relative weights cannot be determined with 
sufficient accuracy. If the method described below is followed the amount of additional computation is 


not great. 


If V, be the sum. of all the yields of variety s, T s the sum of all the block totals of blocks containing variety 
s, T\ the sum of all the remaining block totals, and G the total yield of all plots, the estimates of the varietal 
differences derived from the intra-block comparisons are obtained from the quantities 


Q,= V-TJk 

or, as is more convenient when k>\v, 

Q'. = v.+rjk. 

The actual differences in units of the total yield of the r replicates are given by the differences of 

Qs/E or Q'JE, 

the sum of the first set being zero, and of the second set rG\\v. 

The error variance of these latter sets of quantities is rjEw, where 1 fw is the intra-block error variance. 
The estimates of the varietal differences derived from the inter-block comparisons are similarly given by 
the differences of 

rT J(r A) or rT'Jf-X), 

in units of the total yield of r replicates. The error variance of these sets of quantities is kr 2 j(r — X)w’ , where 
x/ui is the error variance of the inter-block comparisons, in units of a single plot. 

The most efficient estimates of the varietal differences are given by the quantities 

y. = v.+icw. 

W t = <p-QV.-{v-i)T.+(fi-i)G, 

w — w' 

fj, 

Wv{k — l) +Ze/(^ — k)' 
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where 



The error variance of the Y’s is 


kr(v — i) 

wv{k — i ) -\-w' (v — , k) ' 

The analysis of variance follows the lines shown in the accompanying table, in which dev 1 indicates the 
sum of squares of the deviations, y the individual yields and B the block totals. If recovery of inter-block 
information is not required then only the part (a) of the analysis of variance is required. There is also no 
need to subdivide the sum of squares for blocks, ignoring varieties. The comparison of the mean square (a) 
for varieties with intra-block error gives an exact test of significance for the intra-block estimates. 


Method {a). 

D.F. 

S.S. ( 4 ). 

S.S. (i). 

Method {b). 

Blocks (ignoring varieties) : 

Varietal component 

V — I 

dev- T 

Kr— A) 

dev 2 W 

rv{v — k) (A—i) 

Blocks (eliminating varieties) : 

Varietal component 

Remainder .... 

b—v 

t 

dev 1 B* 

-> t 

Remainder 

T otal ..... 

b — t 

k 

dev 1 kQ 

t 

dev 2 V 

Total 

Varieties (eliminating blocks) . 

V — I 

Jk‘ 2 rE 

r 

Varieties (ignoring blocks) 

Intra-block error 

rv — v — i£ + i 

t 

^ t 

Intra-block error 

Total ..... 

rv— t 

dev 1 y* 

* 

Cl 

s 

t 

1 

T otal 


* Requires checking. f Calculated by addition or subtraction. 


If the mean square for intra-block error is M and the mean square {&) for the b — i degrees of freedom 
for blocks, eliminating varieties, is M", w and w' are estimated from the equations 

i , v(r— i) 

W = M’ W ~ k(b-i)M"-{v-k)M' 

If M" is less than M, w' may ordinarily be taken as equal to w. 

If the structure of the design is such that the blocks fall into r groups, each containing a single replication 
of all the varieties (as in solutions Nos. 6, 7, 21 and 25), and each of these groups of blocks is itself arranged in 
a large block, then the sum of squares corresponding to the r— 1 degrees of freedom for complete replications 
must be eliminated from the sums of squares for blocks. The formula for iv' will then become 


w = 


r — 1 


In the more general case in which there are c such groups of blocks, each containing r\c replications, 
we have 


v(r— 1)— k{c— 1) 


In the case of a Youden square the sum of squares corresponding to the k 1 degrees of freedom for the 
k series (representing leaf position, etc.) must be eliminated from the intra-block error. 


Example 8 

Table 3 shows the scores of 18 litters of 4 rats in a discrimination test, the values shown being the 
square roots of the numbers of trials prior to 12 consecutive successful trials (the data are a random selection 
from scores published by F. A. E. Crew (10)). A dummy trial of 9 treatments (e-g. dietary treatments) in 
blocks of 4, corresponding to litters, is superimposed on these scores. (Design 11 of Table XVII, r 8. 

V = 9, k = 4, b = 18, A = 3.) . 

Table 4 shows the values of V, T, 4Q and W for the nine treatments a-i. The analysis of variance is 

shown in Table 5. 
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Table 

3. Scores 

OF 18 

Litters of Rats 



f 2 '6 
d 97 
c 54 
e 6-9 

/ 5 V 
g 2 ' 6 
i 5 '9 
b 67 

a 7-0 
f 4-6 
* 4’9 
^ 3'3 

i 2 -4 
d 4-0 

3 '° 

/ 2-4 

i S*o 
h T 4 
e 10-3 

c 9'4 

d ro-r 
a 97 
/ 5'7 
h rs 

^ 3'9 
z/ 4-1 
e 6-4 
z' 6'3 

// 4-0 
/ 6-r 
i r 4 '4 

3 '3 

<5 2 *8 
f 2 *6 
e 2-8 
h 3'3 

24-6 

207 

19-8 

11 -8 

32 ‘I 

33 ’ 0 

207 

17-8 

JI 'S 

b S '7 
h 97 
c S '4 
i 6 -i 

b 47 

6'6 

« S’S 
h S ’ 3 

a 3 'o 
/z 1 -4 
i 4‘2 

z/ 2-8 

* 7‘5 
^ 2-2 

e 2-6 

a 4-4 

C 3‘7 
a 5-2 
d 2-4 
b 2-4 

i 3'o 
^ 2'6 
a 47 
e 2 -4 

^ 4’5 
i 5 6-o 
g 4 -<3 

3'3 

X r 2-6 

e 4'9 
«’ 6-o 
h 4-6 

b 7'3 
* 5‘4 
/ 5'7 
a 4-4 

26-5 

22*1 

n -4 

167 

i 3'7 

12*7 

18-4 

l8‘i 

22-8 



Grand Total : 354-4. 

Mean : 4*92. 





Table 4. Calculation of Adjusted Scores in Discrimination Test 



V. 

T, 

4 Q 

= 4V-T, 

Q/E+ G. 

W 

= 5V-8T+3G. 

y 

= V+ftW. 

<2 

43'9 

152-2 

+ 23-4 

46-3 

+65-1 

45-7 

b 

39 ' 1 

IS 6-4 

0 

39'4 

-t- 7 'S 

39-3 

C 

4 i '3 

169-6 

—4-4 

38 ■> 

-87-, 

.V'U 

d 

43‘6 

ISI -7 

+ 22-7 

46-1 

+67-6 

4 5‘4 

t 

4 I- 7 

159-2 

-1-7-6 

41 -6 

— 1-9 

41-6 

f 

35 ' 6 

162-0 

— 19-6 

33'6 

-54-8 

34 " 1 

g 

28-6 

I 38-3 

—23-9 

32'3 

4-99-8 

3 * 1 3 

k 

42-8 

172-5 

— i -3 

39-0 

— 102-8 

^O’O 

1 

37-8 

155-7 

— 4-5 

38-0 

+6-6 

38-0 

Divisor 

3 S 4‘4 

1417-6 

O 

3 S 4 - 4 

O 

354-3 

8 

II * 

0 

4 2 - 8 - 27/32 
= ro8 


S- 9 ’ 5-3 
— 1080 


Table 5. Analysis of Variance, Discrimination Test 



D.F. 

S.s. (0). 

S.s. ( 6 ). 

M.S. 

Blocks : 

Varietal component 
Remainder 

Total 

Varieties 

Error ... 

8 

9 

17 

8 

46 

41 -4684 
138-201 T 

179-6695 

19-6044 

1 1 9 -4506 

37-0634 
138-201 1 

175-2645 

24*0094 

II 9*4506 

4-6329 (b) 
15-3557 

10-3097 (b) 

2-4506 (cz) 
2-5968 

Total . 

7 i 

318-7245 

318-7245 

— 
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From the results of the analysis of variance we obtain 


= 0-3851, 


63 


2-5968 

0-3851—0-0916 
27X0-3851+5x0-0916 — 10-8557 


68x10-3097—5x2-5968 

0-2935 

= 0-02704. 


= 0-0916, 


The final adjusted scores in terms of the total scores of eight rats are given in the last column of Table 4. The 
standard error of these scores is 

256 , 

— 3 — = V 23-58 = 4-86. 
i°-8557 


V 


The scores based on intra-block information only (which are equal to Qj£+-IG) are also shown in Table 4. 
Their standard errors are 

V( 8 X 2-5968X32/27) = \/ 24-62 = 4-96. 

Thus the gain in information from the recovery of the inter-block information is 24-62/23-58—1 or 4-4 per 
cent, (excluding losses due to inaccuracy of weighting). The gain is here trivial, but if inter-litter and intra- 
litter comparisons had been of equal accuracy, the gain would have been 18-5 per cent. 

The litter totals can be adjusted to allow for the effects of the treatments by deducting one-eighth the 
scores based on intra-litter differences only of each of the four treatments contained in the litter concerned 
from the total of that litter (adding four times the general mean if desired). Thus the adjusted total of the 
first litter is 24-6—4-20 — 5-76 — 4-76—5-20+4X4-92 = 24-36. 


Tables XX and XXI. Ordinal (or Ranked) Data 

It is often necessary to draw statistical conclusions from data giving the order of a number of magnitudes 
without knowledge of their quantitative values. Thus in tests of psychological preference subjects can often 
express preferences, without being able to assign numerical values to the force with which the preference is 
felt. Not infrequently, also, an experimenter who possesses quantitative values may suspect that the metric 
used is unsuitable to the comparisons he wishes to make, and prefer to draw conclusions only from the order 
of the magnitudes observed. 

The analysis of such data is greatly facilitated by Table XX, which gives the average deviate of the rth 
largest of samples of n observations drawn from a normal distribution having unit variance. Symbolically 
this comes to 

CO 

r n\ , 

-OO 

where z is the ordinate of the normal curve, and and q are the probabilities respectively of falling short of 
and exceeding x. 

From the order in which any subject places a series of objects scores may now be assigned. With a number 
of different subjects, the experimenter is then in a position to test, for example, whether the scores assigned 
to any one object significantly exceed those assigned to another ; or, more generally, to apply an analysis of 
variance to determine whether the variance in score among objects exceeds the remainder due to differences 
in the order chosen by different subjects. More elaborate analyses afford tests of differentiation in preference 
between classes of subjects of different sex or age. The labour of summing the squares of individual scores 
is saved by using the sums of squares given in Table XXI. 

The scoring of ties causes little difficulty. If, for example, the fifth and sixth objects out of 13 are judged 
to be equal, instead of scoring one -39 and the other -19, each is given the same score -29. In such cases the 
sum of squares needs adjustment. When only two objects are judged to be equal it is easy to see that the 
reduction is ^(-39 — -i9) 2 = '02, so that the sum of squares is 10-7904 in place of 10-8104 shown by the table. 

The table can also be used to obtain the factor by which the range of a sample of size n should be multiplied 
to give an estimate of the standard deviation of an observation. The factor is in fact 1/2 n v Thus the range 
of a sample of 8 should be multiplied by 1/(2 Xi-42) = 0-352. Similarly if the mean of the difference between 
the largest and smallest observations, and between the second largest and second smallest is taken, the 

appropriate factor is 1/(2 xK/H+Fa)}- 

In a normal distribution the range provides quite an efficient estimate of the standard deviation if the 
sample size is small, but the efficiency becomes low as the size of the sample is increased, as is shown by the 
following values on page 32. 
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Size. 

Efficiency. 

Size. 

Efficiency. 

2 

IOO 

15 

76 -s 

4 

97 ‘5 

20 

69-9 

6 

93'3 

2 5 

64-7 

8 

8 g 'o 


48-9 

IO 

CO 

Oi 

6 

IOO 

34'. 3 


Moreover if the distribution is not normal the use of the factors appropriate to the normal distribution 
will give biased estimates of the standard deviation, whereas the ordinary estimate of the variance based on 
the sum of the squares of the deviations will be unbiased whatever the form of the distribution. The magnitude 
of the bias increases as the size of the sample increases. 

On both grounds, therefore, the range should not be used with large samples. Nor has its use with a 
single small sample much to recommend it, since in this case the calculation of the ordinary estimate is not 
laborious. Similar objections apply to the use of a modified t test based on the range. If a large number of 
small samples of the same size (say not greater than io) from a distribution are available, however, the mean 
range will provide a reasonably efficient estimate of the standard deviation and one that is not likely to be 
seriously biased unless the distribution departs markedly from normality. The range can also be appropriately 
used in quality control work to provide a control on the variability, though in this case there is no point in 
converting to the standard deviation, provided the sample size is constant. 

Table XXII. The Leading Differences of Powers of Natural Numbers 

The table gives values of /l r o s /ri, where A T o‘ denotes the leading rih difference of the jth powers of the 
natural numbers commencing at zero. Its application to combinatorial problems arises from the identity 

A'o 3 __ ^ s\ 

~ “ £ . ■ . 

where (p^ 1 . . .) is a partition of the number s into r parts, i.c. 

S-n p — s, Ett = r. 

The partitional function on the right represents the number of ways of dividing s persons into the r parties 
specified by the partition. The summation proceeds over all partitions of r into r parts. 

Hence A^o’lr ! is the number of ways of dividing s persons into r parties of all possible sizes. For example, 
with s— 4, w = 2, the table gives 7 ways, which are in fact, 

(ab)(cd), ( ac)(bd ), (ad)(bc), (abc)(d), ( abd){c ), (acd)(b), ( bcd)(a ). 

If j objects are equally likely to fall into any of n classes, the probability that they will (all into exactly 
r of the possible n classes can be shown to be 

1 v\ A T o" 
n 3 (»—r)\ rl 

Hence the distribution of r can be derived from the table. Thus the table is useful Inr testing whether 
objects fall together in classes too often or too rarelv For practical applications see .Stevens (12), (13). 

Example 9 

In the expression for it it may be noticed that in the first 20 decimal places all digits save zero occur at 
least once. Zero is the only digit absent. It is not obvious how frequently o, 1, 2,. . . absent digits would 
be found in a series chosen at random. 

Putting s = 20, n = 10, r = 9 in the expression shown we find 

lol 

Xi 201 -13 X io 10 
= 3-6288 X -120113 = ’4359- 

Hence in 43 59 per cent, of trials we should expect exactly one absent digit ; similarly we should expect 
no igit a sent m 21 47 per cent, of such trials ; consequently two or more digits will be absent in the remain- 
trig 34 94 per cent. The absence of one digit out of ten is the commonest event in such trials. 
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The table may be extended by using the recurrence relation 

d r+ V +1 , , s -d r+1 o* A r o» 

^ 1 (r+i)| + 

This equation may be written 

A'+lpo + l A'0+i)o° Jr r . 

rl ri 

showing that the entries derived from powers of natural numbers commencing at unity, may be read from this 
same table, with r and s both increased by one. J 


Cumulants of the binomial distribution 
The first four cumulants of the binomial distribution are well known 

K i = Np k 3 = Npg(g-p) 
k 2 = Npq = Npg{ i - 6 pg) 

Table XXII inakes the higher cumulants readily available in the form 


and, what is more directly useful, 


TV i r 


= z\-y-'pr~'Av-\ 

Npq j 


Example 9.1 


To obtain K a jNpg take the series for s = 5, supply the initial unit entry, and multiply by r\ to give 


or, more compactly 


1 — 30/+ 150/ 2 — 24op 3 +i2op l 
i-~3opg+i2op 2 g 2 . 


For odd numbers the value is divisible by (g— p) or \/(i— 4 pg); so, for K^Npq, we find from the series 
for r = 6 

1 — 62 \p + 540/ 2 — 1560/®+ 1800/ 4 — 720/® 

= (1 — 2/»)(i — 60/ +420/ 2 — 7 2oy5 3 + 360 p 4 ) 

= (q—p)( 1 — ^opg+ 36 op 2 g z ). 


The coefficients of powers of pq are really central differences at zero, with different formulae for odd and 
even cumulants. Their derivation by the method exemplified above is more expeditious and more easily 
remembered. Authors of standard textbooks seem not to know this method. 


Table XXIII. Orthogonal Polynomials 
I f a polynomial regression line 

Y = afbxfcx^fdx^f . . . 

is to be fitted to a series of n' observations at equal intervals of x, we may conveniently fit instead the 
equivalent line 

Y = A+Bi 1 +Ce i +Dt i + • ■ • 

where £ v f 2) f 3 , . . . are orthogonal polynomials of degree 1, 2, 3 . . . (A=y and f, = x— x). A method 
of determining the coefficients by successive addition, and also of calculating the polynomial values by the 
same process, is given in Statistical Methods. If the numerical values of the f’s (or multiples f' = Af of them) 
are known for each value of x an alternative procedure (set out below) is available. Table XXIII shows these 
numerical values for all f' from to f' 5 , and all n' from 3 to 75. In each case the smallest value of A is 
chosen which gives integral values to f'. This value is shown at the foot of the corresponding column, and is 
the coefficient of the highest power of x in £'. The sum of squares of each set of T’s is also shown. Above 
n' = 8 only the values for positive x — x are given. More extensive tables are available elsewhere (38, 39). 
The first reference (38) gives values of (\ to f' 6 for all n to 104, the second (39) gives values of f'j to f 9 for all 
n' to 52. 
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The coefficient of each f' in the regression equation is found by calculating the sum of the products of the 
observed values y and the corresponding values of f', and dividing by the sum of squares of Thus the 
coefficient of f' 2 is 

r , S(yj' 2 ) 

SiSVY 


The corresponding sum of squares in the analysis of variance is 


C'.S(y£'J 


•S(fV) 


and the estimated standard error of C’ is 

If any or all of the values of Y corresponding to the ri observations are required they may be calculated 
directly from the values of the coefficients and the f'’s, using the equation 

y = A+B‘ i^+C’ f' 3 -|- . . . 


This procedure is particularly useful when only a few values are required. 

If the regression equation is required in terms of powers of x the formulae for the £’s in terms of powers 
of re given in Statistical Methods (editions 3-6), or the recurrence formula 

j r \ri*—ri) t 

ir+1 ~ h(r ~ 4(4 ^ 

(£ 0 = 1) may be used, together with (' = Af. Alternatively the coefficients of the powers of x in each S' 
may be deduced from the tabulated values of the f'’s, as illustrated in the example below (remembering that 
the even £' J s contain only even powers of x, and the odd £"$ odd powers of x). 

The relative advantages of the above method and the alternative process of successive addition depend 
on the computing facilities available, but with a good multiplying machine, and no printing adding machine, 
the use of the |'’s will be found to be decidedly more expeditious, especially when ri is small. If polynomials 
of the fourth or fifth degree are to be fitted the sums and differences of the pairs of observations (commencing 
from the centre) should be tabulated, thereby halving the number of multiplications. At the same time the 
values may frequently be reduced in magnitude by the deduction of a constant amount, and if necessary by 
rounding off. If polynomials have to be fitted to a number of sets of observations with the same 71' it is worth 
tabulating f^-K's+f's and fVK'n and using the checks SXf'i+f'a+f's) = and 


Example 10 

Table 6 shows the yields (bushels per acre) of plots 9 and 7 of Broadbalk wheat field for the 30 years 
1855-1884. The only difference in manurial treatment was that plot 9 received nitrate of soda and 7 an 
equivalent quantity of nitrogen as sulphate of ammonia. Investigate the slow changes in the difference 
between the two plots by fitting a polynomial of the fifth degree. (This example is discussed in Statistical 
Methods , Sections 26 and 28.1. The values there given have been rounded off to one decimal place.) 


Table 6 


Harvest 

Year. 

9- | 7 

9-7 ■ 

Harvest 

Year. 

9 . 

7 - 

9 - 7 . 

Harvest 

Year. 

9 - 

7 - 

9 - 7 - 

1355 

1856 

1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

29-6 

3 2 '4 
43'8 
37-6 

3 °'° 

32- 6 

33 - 8 
43'4 
SS-6 

si-i 

33 

36'9 

44-8 

38-9 

34'7 

2 7'7 

34'9 

35'9 

53'7 

45'8 

— 3 '4 
— 4 ‘S 

— 1 -o 

— 1-3 
- 4‘7 
+ 4'9 
— i-i 

+ 7 'S 

+i -9 

+ 5'3 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

44- 1 

32'5 

29-1 

47-8 

39 '° 

45 - 5 
34’4 
40-7 
35'8 
38-2 

40- 2 

29-9 

22 '2 

39’2 

28-2 

41- 4 

22-3 

29'I 

22-8 

39-6 

+ 3‘9 
+ 2-6 
4 - 6-9 
-f-S-6 
H-io-8 
+4-1 

+ I 2 -I 

-f-u-6 

+13-0 

-1-4 

1 87 5 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

3 °'S 

33-3 

40-1 

37’2 

21-9 

34 'i 

35-4 
31-8 
43 - 4 
40-4 

26-6 

25 - 5 
19-1 
32-2 
17-2 

34'3 

26- 1 

34'8 

3^3 

37-8 

+ 3'9 
+ 7'8 
-f-2 1’0 

+ 4-7 
— ■2 

+ 9’3 
— 3 -° 
+ 7 -i 
-j-2‘6 
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The computations are given in Table 7. The first step is to form the sums and differences of pairs of 
values, working outwards from the centre pair. 

Thus + z 4'9 = +4*1+10-8 and —6-7 = +4-1— io-8. 

The totals of the sums and the differences check against the sum and difference of the totals of the first fifteen 
and last fifteen of the original values. The total sum of squares of the deviations from the mean, 1016-99, 
can be calculated from the sums and differences, and, as a check, from the original values, at the same time 
as these totals are obtained. 


Table 7 



Sum. 

Difference. 

Sums t f Products, 

Years, 











Term. 

S£'y. 


Regression 

Coefficient. 

Sum of Squares 

’70, ’69 

4-14-9 

-6-7 

, 

4-1191 

■6 

4-0-1325473 


157-9434 

'-jT 

1— 1 

CO 

4-20-7 

+3‘5 

2 

— 8990-0 

— 0-02976190 


267-5595 

’72, ’67 

4-18-5 

+4'7 

3 

— 8772-2 

■— o-o 3 4io678g 


3-6026 

’73, ’66 

+ 15-6 

4-10-4 

4 

4-148509-0 

4-o-o 4 40448i7 


6-0069 

’74, ’65 

+ 2-5 

—5‘3 

5 

4-72400-4 

+o-o 4 3374 r 57 


2-4429 

’75, ’64 
’76, ’63 
’77, ’62 
’78, ’61 

4-9-2 

4-9-7 

+28-5 

+3‘9 

— 1-4 

+5‘9 
+ 13*5 
4-6-. 




Analysis of Variance. 



’79, ’60 

4-9-6 

— 0*2 








’80, ’59 

-4-9 

+4’5 



Degrees of 
Freedom. 

Sum of Squares. 

Mean Square. 

’Si, ’58 

+8*o 

4-IO-6 








’82, ’57 

-4-0 

— 2*0 








’83, ’56 

4-2-6 

4-H-6 

Polynomial terms . 


5 

437-55 

87-51 

’84, ’55 

-o-8 

-j-6-o 

Remainder 


24 

579-44 

24-14 


4-134-0 

-)-6l -2 

Total 


29 

1016-99 



4-46 










The sums of products with the (' values are next calculated, and at the same time the regression 
coefficients and the sum of squares accounted for by each term. The sums of products may be checked by 
direct recalculation or by the method described above. Finally the analysis of variance can be completed, 
giving the residual mean square of 24-14. As will be seen, the first two terms account for a substantial part 
of the variation, but the mean squares of the remaining three terms are all below the residual mean square. 
Thus a parabola adequately describes the slow changes. 

The equation of the parabola is 

y = 4-46674-0-13255 0-029762 . . • ■ - C 1 ) 

which can be converted into an equation in x, if this is required, by substitution for ( l and f a- 

3 ■ 3 

If x is measured from the centre point of the series f\ = 2X and f' 2 = - x--\-C, the coefficients 2 and - of 

the highest powers of x being given in Table XXIII. Further, since f' 2 = — 112 when x = +ii we have 
immediately C — —112-375. 

Alternatively the recurrence formula gives 




i 2 ■ 899 
4’3 



x* — Ha-375- 


This gives the equation 


Y = 7-81124-0-265102;— 0-044643^ . 
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(2) 



The value of Y for any given year can be calculated from (i). Thus for the year 1855 
y = 4-4667+0-13255 (—29) —0-029762 (-(-203) = —5-4189. 

Similarly for the year 1884 the value is +2-2690. Equation (2) will, of course, give the same values. 

The parabola has a maximum at * = +2-969, w. at the date 1872-469, Y then having the value +8-2048. 
The improvement of plot 9 relative to plot 7 therefore appears to have reached a climax at about this date, 
there being some evidence of a reduction in the difference subsequently. 

As a further exercise polynomials may be fitted to the yields of the two plots separately. The difference of 
these two polynomials clearly gives the polynomial already determined. 

Table XXIV. Calculation of Integrals from equally spaced Ordinates 

The table supplies data useful for the mechanical integration of functions calculated at not very closely 
spaced ordinates. Its use may be illustrated by the series of reciprocals of numbers from 15 to 19. In this 
case the integral is known to be log, 19/15, or -23638,87780,66 ; the average ordinate over the four units in 
the panel is, therefore, .05909,7^945,^6* An accurate calculation can he obtained from the series of 
reciprocals and their even differences. Taking enough to use the eighth difference, these are as follows to ten 
places of decimals : — 


Number. 

Reciprocal. 

Differences. 

2nd. 

4th. 

6th. 

8th. 

13 

■07692,30769 





14 

•07142,85714 

73,26008 




15 

■06666,66667 

59,52380 

3, 2 3209 



16 

•06250,00000 

49,01961 

2,33426 

28353 


u 

•05882,35294 

40,84968 

1,71996 

18438 

3745 

18 

■05555,55556 

34,39971 

1,29004 

12268 


19 

■05263,15789 

29,23978 

98280 



20 

•05000,00000 

25,06265 




21 

■04761,90476 






Using the coefficients for 4 sub-panels in the table for central ordinate and even differences, the successive 
approximations obtained are as follows : — 



Correction. 

Value. 

Error. 

No difference 

2nd 

4th „ 

'6th „ 

8th 

+27,23312,00 
+* 3377,47 
— 39, °2 
+86 

■05882,35294,00 

■° 59 ° 9 , 5 8 6 o 6 , 00 

■ 05909 , 71983,47 

■ 05909 , 71944,45 

•05909,71945,31 

— 27,36651,16 
- 13339,16 

+ 38,31 
— 71 
+ 15 


To show the adequacy of the adjustments’ two additional figures have been retained. The evaluation is 
satisfactory using only 6th differences, although the 8th difference is a four-figure number. 

The formulae using integral multipliers in the first part of the table (4 sub-panels) give exactly equivalent 
values to the use of 4th and 6th differences. 


Tables XXV to XXXII and XXXIV. Logarithms, Trigonometrical Functions, Etc. 

These tables comprise the standard functions that are likely to be required by the statistician. Five- 
figuxe accuracy has been adopted in most of the tables, since four-figure tables are already sufficiently plentiful, 
and five figures bridge the gap between the slide-rule (roughly three-figure accuracy) and seven-figure standard 
tables. 
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In addition to the ordinary table of logarithms to base io of numbers i-oo to 9 ‘99 (Table XXV) eight 
pages of natural logarithms (log„ -oooi— log e 99-9) are included (Table XXVI). This table will prove useful 
to those who find it convenient to work with natural logarithms. Exact squares of all three-figure numbers 
(Table XXVII) will enable an occasional analysis of variance to be performed without a machine. Square 
roots (Table XXVIII) are so tabulated that the square roots of each three-figure number and of ten times 
that number appear together. This facilitates reference to the table, and serves as a reminder of the necessity 
of considering the position of the decimal point before taking out a square root. Reciprocals (Table XXIX) 
are given to six figures, since interpolation is not likely to be required in this table when a machine is avail- 
able, and the additional figure is useful when division is being performed on a machine by means of 
reciprocals. _ ■ 

Table XXX gives the factorials of the numbers 1-300 to six significant figures, and their logarithms to 
seven decimal places. Of the trigonometrical functions only natural sines (Table XXXI) and tangents 
(Table XXXII) have been included. By tabulating (90 0) tan 9 instead of tan 6 for values of 6 greater than 
6o° five-figure accuracy of interpolated values is assured, even for high angles. 

In Table XXXIV will be found a collection of constants, conversion factors, etc. Only the English, 
American and metric systems of weights and measures have been included, the more uncommon measures 
of these systems being given in their most easily remembered forms. 

The tabulation of the above tables to 5 and 6 figure accuracy does not preclude their use to four-figure 
accuracy only when the circumstances warrant it. For this purpose they will be found little slower than the 
ordinary four-figure tables, since the amount of page-turning is the same. When using logarithms to four- 
figure accuracy it will frequently be found most expeditious, as well as slightly more accurate, to retain 5 figures 
in the logarithmic calculations, without making any attempt to interpolate to more than four-figure accuracy. 
General instructions for interpolation are given in the last section of the Introduction. 


Table XXXIII. Random Numbers 

This table contains 7500 two-figure random numbers arranged on six pages. The method of construction 
of the table, and the tests made on it, axe described in the first edition. Methods of using the table may best 
be made clear by a couple of examples. 


Example n. Required to select a series of numbers at random from the numbers 1-16. 

The simplest way of doing this is to select a row, column or diagonal of two-figure numbers (such selection 
being made without previous inspection of the numbers themselves), and pick out all numbers between 1 and 
16 as they occur. With a number like 16, however, such a procedure is tedious and wasteful of numbers. 
As an alternative we may divide each two-figure number by 16 and take the remainder (0 counting as 16). 
It is clear that to give all numbers an equal chance of selection the numbers 97, 98, 99 and 00 must be rejected. 
A modification of this process, which somewhat lightens the arithmetic, is to use the divisor 20 instead o 16, 
rejecting any number which gives 00, 17, 18 or 19. Thus 73 would be read as 13. 


Example 12. Required to arrange 8 treatments, numbered 1-8, in random order. 

This operation can be performed by selecting one of the treatments at random from the eight then 
selecting a second from the seven that remain, and so on. When the number of treatments is at all large, 
however, this procedure is tiresome, since each treatment must be deleted from a list as it is selected and a 
fresh count made for each further selection. To avoid this C. R. Rao (78) has proposed an alternative method. 
The one-dimensional variant of this, suitable for the present example, consists of taking 10 cells numbered 
0-9, and allocating the numbers 1-8 to these according to a sequence of 8 single digit random numbers. Thus 
using the first column of Table XXXIII (I), which begins o, 9, 1, 1, 5, b 8, 6 we allocate 1 to cell o, 2 to cell 

9,3 ' ' 


to cell 1, 4 to cell 1, etc., the complete allocation being 


Cell: 


1 2 

3 > 4 > 6 — 


4 5 

— 5 


6 7 
8 — 


The three numbers in cell x must now be permuted. This can be done by the same process, using the 
three random numbers 3, 5, 1 to give the order 6, 3, 4, so that the final permutation is 1, 6, 3, 4, 5, 8, 7 , , »■ 
Alternatively this secondary permutation can be done as the numbers are written down, eg ■ ^ 

random digit in the adjoining column. For 4 the number is 2, which divi e y 2 gj v • ’ ■ 

can be taken to indicate that 4 is placed first, i.e. 4 , 3- For 6 the number is 6, which divided by 3 again gives 
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remainder o, i.e. the order is 6, 4, 3. (In this latter case the number 9, if it occurs, must be rejected.) A further 
alternative to secondary permutations is to reject the random number if the cell is already occupied, but this 
will, on the average, lead to a substantial proportion of rejections if the number of treatments is greater than 
half the number of cells, and the use of secondary permutations, at least for pairs, is generally preferable. 

Example 12. 1. Arrange the 40 symbols A-Z , a-n, in random order. 

Rao’s method can again be followed, using two-digit random numbers to define a two-way 10 x 10 table 
of cells. Thus, using the first two columns of Table XXXIII (II) and the third column for secondary per- 
mutations, the first number is S3, so that A is written in row 5, column 3, etc. The full permutation is 

O FjKb N M c m VXJCgahTRk U f e A dlLDBGPYnlZHQiWSE 

Tables XXXIII 1 and XXXIII2. Random Permutations 

Table XXXlIIi gives 750 random permutations, numbered 0-749, of b ^ e numbers 0-9. By its aid 
random permutations of up to xo objects can be obtained immediately, instead of by the procedure given in 
Example 12. Table XXXIII2 gives 200 similar permutations of the numbers 0-19. It can also be used to 
give additional permutations of the numbers 0-9 which are independent of one another and of those given in 
Table XXXlIIi, by taking separately the numbers 0-9 and 10-19 of each permutation. These tables are 
useful in such processes as the allocation of treatments to the plots of a randomized block experiment, the 
randomization of the rows, columns and letters of a Latin square, etc. 

Each permutation of ro is arranged in two groups of 5 printed one beneath the other, and each permutation 
of 20 is similarly arranged in a 4X5 pattern. The reading of the permutation in a different order, e.g. down 
instead of across, will give another random permutation, but not one that is fully independent of the first. 
For this reason, when large numbers of random and strictly independent permutations are required they should 
be generated from a table of random numbers, or by some other fully random process. For the purpose of 
experimental design, however, Tables XXXIIIr and XXXIII2 will provide all that is normally required. 

Numbering the permutations serves two purposes. It enables permutations to be selected from the 
table at random by selecting a number at random in the appropriate range from Table XXXIII. It also 
enables the permutations which arc to be used in particular experiments to be specified, thus ensuring that the 
arrangement used is really random, without drawing up the detailed plans. 

The tables were generated by Mr B. M. Church from Table XXXIII by the aid of Hollerith equipment. 
Tables of 1000 permutations of 9 and 1000 of 16 have previously been published by Cochran and Cox (3b), 
following a suggestion by G. W. Snedecor. 


Interpolation 

Many of the tables are provided with special aids to rapid interpolation, such as proportional parts, mean 
differences, and tabular differences printed in the tables. In other cases linear interpolation is generally 
sufficient. Thus if the table gives values for u x and «a, +1 , and the value is required for u x+0 , we may take 

u = tej+jT/Kj, 

where <j> stands for 1 — 6. This form is convenient for machine work ; mentally it is often quicker to use the 
difference between the tabular values and calculate 

= “os+^s+1— «*). 

Modern work, especially that of Jordan (20) and Aitken (18), (19), has much facilitated the use of interpola- 
tion, without the aid of differences, in cases for which linear interpolation is thought not to be sufficiently 
accurate. A very useful improvement on the linear interpolate, based on four instead of two adjacent tabular 
values, is obtained by supplementing the linear interpolate from the two nearest entries by that from the next 
two which enclose them. This latter is 


Curvature of the entries is shown by a' differing from a", the error of the former being generally of the 
same sign as that of the latter, though smaller. To complete the adjustment calculate the product 9$, and use 

which is the correct 4-point interpolate, obtained without the use of differences. 
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This procedure can be used also for inverse interpolation. The inverse linear interpolate a; -f-f? corresponding 
to a value u is given by 

6 = («— 

An improved value of 6 (though not the exact 4-point interpolate) is then given by 

0i = 9 +i 0 <j>(u"—u)l(u x+ 1 —u x ). 

Alternatively, exact 4~ and 6-point inverse interpolates can be obtained by the method of divided differences. 

In the tables in which mean proportional parts are given for each line of the table, only the proportional 
parts for 1 to 5 units are included, instead of, as is customary in tables of this type, for 1 to 9 uni ts, it being 
intended that subtraction from the next higher tabular value should be used when interpolating for fractions 
above o ■ 5 - The exact procedure will be clear from the examples below. The advantages of this innovation 
are two-fold : firstly the differences which have to be dealt with are smaller, thus facilitating the arithmetic 
(which should be done mentally), and secondly the errors arising from the use of mean proportional parts for 
the whole of each line are reduced. 

The actual tables in which this type of arrangement has been adopted, for the whole or the greater part 
of the table, comprise : II (ordinates of the normal distribution), IX (probits), XXV and XXVI (logari thm s), 
XXVIII (square roots), XXXI (sines), and XXXII (tangents). In tables XXV and XXVI (logarithms) the 
common practice is followed of tabulating the values for the numbers 10-19 on 20 lines instead of io, so that 
five values instead of ten occur on each line, thus reducing the range covered by each set of mean proportional 
parts (which are here changing rather rapidly) to five units of the interval of tabulation. • 

In Table XXIX (reciprocals) mean differences of consecutive tabular values, instead of mean proportional 
parts, are given for each line of the table (thus allowing space for the tabulation of six figures instead of five). 
These mean differences correspond to ten times the mean proportional parts for 1 unit given in the other 
tables. This course has also been followed for Table VII (transformation of r to 2). 

In those pans of Table IX (probits) and Table XXIX (reciprocals) where the first differences are changing 
so rapidly that the mean proportional parts or mean differences are too inaccurate to be of value, the actual 
first differences between each tabular value and the next arc given. 

In Table XXVII (squares) no differences are given. Squares of four-figure numbers may be easily derived 
by the use of the expansion of as indicated in the note below the table. 

In all the above tables, except the last two lines of the table of probits and the first 20 lines (1-0-2 -9) of the 
table of reciprocals, linear interpolation will give results accurate to one unit in the last tabulated place. The 
use of mean proportional parts or mean differences will, of course, give errors greater than this in those parts 
of the tables where the differences are changing rapidly. The actual magnitude of the error may be assessed 
by seeing how rapidly the proportional parts are changing from line to line, as illustrated in Example 13 below. 
The mean proportional parts should therefore be used with discretion when full tabular accuracy is required. 

Example 13 

Find the natural logarithm of n-o6. We have log e ii-i = 2 '40695. The proportional part for 4 is 
357. Thus log,. ii'o6 = 2 '40338. The true value = 2-40333,5, the discrepancy being due to the use of the 
mean proportional part instead of the correct proportional part, which is 0-4 (2'4o695 — 2-39790), t.e . 362. As 
will be seen by inspection the proportional parts are here changing rather rapidly. A closer approximation 
would have been obtained by taking this change into account, interpolating roughly in the required column 
of proportional parts, i.e. between 357 and 374. 


Example 14 

Find the square root of 2g'426, The square root of 29-4 is 5-4222, and since 2-6 = 3 — 0-4 the required 
proportional part is 28—3-7 or 24, giving the value 5-4246. (True value = 5-42457.) 

Example 15 

Find the angle whose tangent is 0'79i34- The nearest tabular value, 0-79259, is that for 38 24 . The 
difference is — 125. To the nearest minute, therefore, the angle is 38° 21', a closer approximation being 
38° 21-4'. (True value = 38° 21-36'.) 

Example 16 

Find the angle whose tangent is 2-82. Ordinary inverse interpolation is here impossible, since (90 — 8 ) 
tan 6 is tabulated, but any approximation may be rapidly improved by dividing the tabular value by the 
given tangent, and subtracting from 90°. First find a rough approximation by interpolation in the auxiliary 
marginal table of tangents. This gives a value between 7o'4° and 7°'5°> 1 - e ‘ between 70 24 and 70 30 . 
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Y Y C L-llAsl-t 


Angle. 

Tabular Value 
(*)- 

x /2-82. 

Plus Original 
Angle. 

70-4 

55 "043 

I 9 - 5 I 88 

89-9188 

70 ‘S 

55-066 

19-527° 

9O*O270 


The second column gives the tabular values from the table, the third is the result of dividing these by the given 
tangent 2-82. Subtracting either of these from 90° gives a better approximation. For full accuracy we use 
the fourth column, which is the sum of these quotients and the original angles. Inverse linear interpolation 
between the last two values for the value 90 will now give the required angle, namely 70-4750, i.e. 70° 28.50'. 
True value = 70° 28-499'.) 
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Table III. Distribution of t 
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■540 

•697 

•876 

i- 088 

1-363 

1-796 

2- 201 

2- 718 

3-106 

4-437 

12 

•128 

•259 

'395 

■539 

■695 

•873 

1-083 

i -356 

1-782 

2-179 

2- 68l 

3'°55 

4-318 

13 

•128 

•259 

'394 

■538 

•694 

•870 

1-079 

i- 35 o 

1-771 

2- l6o 

2-650 

3-012 

4-221 

14 

•128 

•258 

•393 

■537 

■692 

•868 

1-076 

1-345 

1- 761 

2-145 

2- 624 

2-977 

4-140 

1 S 

■128 

■258 

'393 

■ 53 6 

■691 

•866 

1-074 

1-341 

1-753 

2-131 

2- 602 

2* 947 

4'°73 

16 

•128 

•258 

•392 

•535 

■690 

•865 

1-071 

1-337 

1-746 

2- 120 

2 - 5 8 3 

2*921 

4 -oi 5 

17 

■128 

■257 

•392 

■534 

• 689 

•863 

i- 069 

1-333 

1 - 74 ° 

2 - IIO 

2-567 

2-898 

3-965 

IS 

•127 

•257 

392 

•534 

•688 

•862 

1-067 

1-330 

1-734 

2 - IOI 

2-552 

2-878 

3-922 

19 

•127 

•257 

' 39 T 

•533 

•688 

•861 

i- 066 

1-328 

1-729 

2-093 

2-539 

2- 86l 

3-883 

20 

* 1 2 7 

•257 

' 39 1 

‘533 

•687 

• 860 

1-064 

1 - 32 S 

1-725 

2' 086 

2-528 

2‘ 845 

3-85° 

21 

•127 

•257 

' 39 r 

■532 

■686 

•859 

1-063 

1323 

i- 721 

2-080 

2-518 

2-831 

3 - 8 i 9 

22 

1 -127 

•256 

•390 

■532 

■686 

•858 

1-061 

1-321 

1-717 

2-074 

2-508 

2-819 

3-792 

23 

■ 127 

•256 

•390 

■532 

•685 

•858 

I- 060 

1 - 3 I 9 

1-714 

2-069 

2-500 

2-8o7 

3-767 

24 

■ 127 

■256 

.390 

‘531 

■685 

■857 

i -°59 

1-318 

i- 711 

2-064 

2-492 

2-797 

3-745 

25 

■127 

■256 

•390 

‘ 53 1 

•684 

•856 

1-058 

1-316 

i- 708 

2- 060 

2-485 

2- 787 

3-725 

26 

■127 

■256 

' 39 ° 

" 53 T 

•684 

■856 

1-058 

I- 3 I 5 

i- 706 

2-056 

2-479 

2-779 

3-707 

27 

•127 

•256 

■389 

■ 53 i 

•684 

■855 

1-057 

1-314 

1-703 

2-052 

2-473 

2-771 

3-690 

28 

•127 

•256 

■389 

■530 

•683 

■855 

1-056 

1-313 

i- 701 

2-048 

2-467 

2-763 

3-674 

29 

• 127 

•256 

'389 

■S30 

•683 

■854 

i -055 

1-311 

1-699 

2-045 

2-462 

2-756 

3-659 

30 

•127 

•256 

•389 

■530 

•683 

•854 

i '055 

1-310 

1-697 

2-042 

2-457 

2-750 

3-646 

40 

• 126 

■255 

•388 

■529 

■681 

‘851 

1-050 

1-303 

1-684 

2-021 

2-423 

2-704 

3-551 

So 

■ 126 

'254 

•387 

•527 

•679 

•848 

1-046 

i- 296 

1-671 

2 - OOO 

2-390 

2- 660 

3-460 

120 

■ 126 

•254 

■386 

■526 

■677 

■845 

1-041 

i- 289 

1-658 

1-980 

2-358 

2-6l7 

3-373 

OG 

■ 126 

' 2 53 

■385 

■524 

•674 

•842 

1-036 

1-282 

1-645 

1-960 

2-326 

2-576 

3-291 
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Table IV. Distribution of x 2 


Probability. 


n 

'99 

■98 

•95 

■90 

•80 

•70 

• 5 o 

-30 

*20 

■IO 

•05 

*02 

•01 

•QOl 

1 

-0T57 

•o 3 628 

•00393 

•0158 

■0642 

•148 

■455 

1-074 

1-642 

2-706 

3-841 

5-412 

6-635 

10-827 

2 

•0201 

•0404 

■103 

■211 

•446 

•713 

1-386 

2-408 

3-219 

4-605 

5 ' 99 i 

7-824 

9-210 

13-815 

3 

■ii 5 

•185 

•352 

■584 

1-005 

1-424 

2-366 

3-665 

4-642 

6-251 

7 - 8 i 5 

9-837 

n -345 

16-266 

4 

■297 

•429 

•711 

1-064 

!'649 

2-195 

3-357 

4-878 

5-989 

7-779 

9-488 

n-668 

13-277 

18-467 

5 

•554 

■752 

i-i 45 

i-6io 

2-343 

3-000 

4-351 

6-064 

7-289 

9-236 

11-070 

13-388 

15-086 

20-515 

6 

•872 

I-I 34 

1-635 

2-204 

3-070 

3-828 

5-348 

7-231 

8-558 

10-645 

12-592 

15-033 

16-812 

22-457 

7 

1239 

1-564 

2-167 

2-833 

3-822 

4-671 

6-346 

8-383 

9-803 

12-017 

14-067 

16-622 

18-475 

24-322 

8 

1-646 

2-032 

2-733 

3-490 

4-594 

5-527 

7-344 

9-524 

11-030 

13-362 

15-507 

18-168 

20-090 

26-125 

9 

2'o88 

2-532 

3-325 

4-168 

5 - 38 o 

6-393 

8-343 

10-656 

12-242 

14-684 

16-919 

19-679 

21-666 

27-877 

10 

2'558 

3-°59 

3 - 94 ° 

4-865 

6-179 

7-267 

9-342 

11-781 

13-442 

15-987 

18-307 

21-161 

23-209 

29-588 

11 

3'053 

3-609 

4-575 

5-578 

6-989 

8-148 

10-341 

12-899 

14-631 

17-275 

19-675 

22-618 

24-725 

31-264 

12 

3 - 57 i 

4-178 

5-226 

6-304 

7-807 

9-034 

11-340 

14-011. 

15-812 

i 8 -S 49 

21-026 

24-054 

26-217 

32-909 

13 

4-107 

4-765 

5-892 

7-042 

8-634 

9-926 

12-340 

15-119 

16-985 

19-812 

22-362 

25-472 

27-688 

34-528 

14 

4-660 

5-368 

6-571 

7-790 

9-467 

10-821 

I 3-339 

16*222 

18-151 

21-064 

23-685 

26-873 

29-141 

36-123 

IS 

5-229 

5-985 

7-261 

8-547 

10-307 

11-721 

14-339 

17-322 

19-311 

22-307 

24-996 

28-259 

30-578 

37-697 

16 

5-812 

6-614 

7-962 

9-312 

11-152 

12-624 

iS -338 

18-418 

20-465 

23'542 

26-296 

29-633 

32-000 

39-252 

17 

6-408 

7-255 

8-672 

10-085 

12-002 

I 3 - 53 I 

16-338 

19-511 

21-615 

24-769 

27-587 

30-995 

33'409 

40-790 

18 

7-015 

7-906 

9-390 

10-865 

12-857 

14-440 

I 7-338 

20-601 

22-760 

25-989 

28-869 

32-346 

34 - 8 o 5 

42-312 

19 

7-633 

8-567 

10-117 

11-651 

13-716 

I 5-352 

18-338 

21-689 

23-900 

27-204 

3 o-i 44 

33-687 

36-191 

43-820 

20 

8-260 

9-237 

10-851 

12-443 

I 4-578 

16-266 

19-337 

22-775 

25-038 

28-412 

31-410 

35-020 

37-566 

45-315 

21 

8-897 

9 - 9 IS 

11-591 

13240 

15-445 

17-182 

20-337 

23-858 

26-171 

29-615 

32-671 

36-343 

38-932 

46-797 

22 

9-542 

io-6oo 

12-338 

14-041 

16-314 

18-101 

21-337 

24-939 

27-301 

30-813 

33 - 9 2 4 

37-659 

40-289 

48-268 

23 

10-196 

11-293 

13-091 

14-848 

17-187 

19-021 

22 -337 

26-018 

28-429 

32-007 

35 -I 72 

38-968 

41-638 

49-728 

24 

10-856 

11-992 

13-848 

I 5-659 

18-062 

19-943 

23-337 

27-096 

29-553 

33-196 

36 - 4 IS 

40-270 

42-980 

51-179 

2S 

11-524 

12-697 

14-611 

16-473 

lS '940 

20-867 

24-337 

28-172 

30-675 

34-382 

37-652 

41-566 

44-314 

52-620 

26 

12-198 

I 3-409 

15-379 

17-292 

19-820 

21-792 

25-336 

29-246 

31-795 

35-563 

38-885 

42-856 

45'642 

54-052 

27 

12-879 

14-125 

16-151 

18-114 

20-703 

22-719 

26-336 

30 - 3 I 9 

32-912 

36-741 

40-113 

44-140 

46-963 

55-476 

28 

13-565 

14-847 

16-928 

18-939 

21-588 

23-647 

27-336 

3 i- 39 i 

34-027 

37-916 

41-337 

45-419 

48-278 

56-893 

29 

14-256 

15-574 

17-708 

19-768 

22-475 

24-577 

28-336 

32-461 

35-139 

39-087 

42-557 

46-693 

49-588 

58-302 

30 

I 4 ' 9 S 3 

16-306 

18-493 

20-599 

23-364 

25 - 5 ° 8 

29-336 

33-530 

36-250 

40-256 

43-773 

47-962 

50-892 

59 - 7 0 3 

32 

16-362 

17-783 

20-072 

22-271 

25-148 

27-373 

3 I -336 

35-665 

38-466 

42-585 

46-194 

50-487 

53-486 

62-487 

34 

17-789 

19-275 

21-664 

23-952 

26-938 

29-242 

33-336 

37-795 

40-676 

44-903 

48-602 

52-995 

56-061 

65-247 

36 

19-233 

20-783 

23-269 

25-643 

28-735 

3 i-ii 5 

3 S '336 

39-922 

42-879 

47-212 

50-999 

55-489 

58-619 

67-985 

38 

20-691 

22-304 

24-884 

27-343 

3 °'S 37 

32-992 

37-335 

42-045 

45-076 

49 - 5 I 3 

53-384 

57-969 

61-162 

70-703 

40 

22-164 

23-838 

26-509 

29-051 

32-345 

34-872 

39-335 

44 -i 65 

47-269 

51-805 

55-759 

60-436 

63-691 

73-402 

42 

23-650 

25-383 

28-144 

30-765 

34-157 

36-755 

41-335 

46-282 

49-456 

54-090 

58-124 

62-892 

66-206 

76-084 

44 

25-148 

26-939 

29-787 

32-487 

35-974 

38-641 

43-335 

48-396 

51-639 

56-369 

60-481 

65-337 

68-710 

78-75° 

46 

26-657 

28-504 

31-439 

34-215 

37-795 

40-529 

45-335 

50-507 

53-818 

58-641 

62-830 

67-771 

71-201 

81-400 

48 

28-177 

30-080 

33 - 09 8 

35-949 

39-621 

42-420 

47'335 

52-616 

55-993 

60-907 

65-171 

70-197 

73-683 

84-037 

5 o 

29-707 

31-664 

34-764 

37-689 

41-449 

44 - 3 I 3 

49'335 

54-723 

58-164 

63-167 

67-505 

72-613 

76-154 

86-66i 

52 

31-246 

33-256 

36-437 

39-433 

43-281 

46-209 

51-335 

56-827 

60-332 

65-422 

69-832 

75-021 

78-616 

89-272 

54 

32-793 

34-856 

38-116 

41-183 

45 -H 7 

48-106 

53-335 

58 - 93 o 

62-496 

67-673 

72 -IS 3 

77-422 

81-069 

91-872 

56 

34 - 35 ° 

36-464 

39-801 

42-937 

46-955 

50-005 

55'335 

61-031 

64-658 

69-919- 

74-468 

79-815 

83-513 

94-461 

58 

35 ' 9 i 3 

38-078 

41-492 

44-696 

48-797 

51-906 

57-335 

63-129 

66-816 

72-160 

76-778 

82-201 

85-950 

97-039 

60 

37 - 48 S 

39-699 

43 -l8 8 

46-459 

50-641 

53-809 

59-335 

65-227 

68-972 

74-397 

79-082 

84-580 

88-379 

99-607 

62 

39-063 

41-327 

44-889 

48-226 

52-487 

55 - 7 H 

6 i -335 

67-322 

7 I-I 25 

76-630 

81-381 

86-953 

90-802 

102-166 

64 

40-649 

42-960 

46-595 

49-996 

54-336 

57-620 

63-335 

69-416 

73-276 

78-860 

83-675 

89-320 

93-217 

104-716 

66 

42-240 

44-599 

48-305 

51-770 

56-188 

59-527 

6 S -335 

71-508 

75-424 

81-085 

85-965 

91-681 

95-626 

107-258 

68 

43-838 

46-244 

50*020 

53-548 

58-042 

61-436 

6 V 335 

73-600 

77 - 57 I 

83-308 

88-250 

94-037 

98-028 

109-791 

•70 

45-442 

47-893 

5**739 

55-329 

59-898 

63-346 

69-334 

75-689 

79 - 7 I 5 

85 -S 27 

9 o-S 3 i 

96-388 

100-425 

112-317 


For odd values of n between 30 and 70 the mean of the tabular values for « 1 and «d-i may be taken. For larger values 

of n, the expression may be used as a normal deviate with unit variance, remembering that the probability for 

corresponds with that of a single tail of the normal curve. (For fuller formulee see Introduction.) 
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Table V, Distribution of s 
20 Per Cent. Points (H. W. Norton) 


v 1 
a \ 

1 

2 

3 

4 

5 

6 

8 

12 

24 

00 

I 

i" 1242 

1-2425 

I - 2849 

i* 3067 ' 

1-3198 

1-3286 

1-3397 

i-3So8 

1-3619 

1-3730 

2 

■6343 

•6931 

■7125 

• 7219 

■7275 

■ 73 I 3 

* 7360 

■ 7406 

'7453 

• 7500 

3 

■4933 

• 5299 

■5385 

> 54 i 8 

■5435 

‘5444 

'5453 

•5461 

'5465 

•5467 

4 

•4274 

•4526 

■ 4 S 5 1 

•4547 

■4537 

‘4528 

■4512 

•4491 

•4464 

•4431 

5 

■3892 

•407s 

•4062 

•4032 

*4004 

•3982 

'3947 

■3905 

■3853 

■3791 

6 

■3645 

•3780 

■3740 

-3692 

■3651 

•3618 

• 35 <J 9 

■ 35 io 

'3438 

•3350 

7 

' 347 1 

■3573 

' 35 12 

* 345 ° 

■3399 

■3358 

-3298 

-3224 

'3135 

•3025 

8 

•3342 

■3419 

■3342 

-3269 

■3211 

■3163 

■3093 

•3008 

■ 2904 

•2774 

9 

• 3 2 43 

■3300 

•32U 

‘3130 

13064 

■ 3 011 

•2933 

■ 2838 

■ 2721 

•2573 

10 

■3164 

■3206 

■3107 

■3°i8 

• 2946 

* 2889 

■2805 

■ 2701 

■2572 

■ 2407 

11 

-3100 

•3129 

■3021 

- 2926 

■2850 

■ 2790 

■ 2699 

•2588 

■2449 

- 2268 

12 

• 3°47 

■3065 

■2951 

-2850 

• 2770 

■ 2706 

• 2611 

•2493 

•2345 

• 2149 

I 3 

•3002 

•3011 

■2891 

•2786 

•2703 

■ 2636 

•2536 

* 2412 

•2255 

• 2046 

34 

-2964 

•2965 

• 2840 

•2732 

■2644 

■2575 

* 247 1 

■2342 

• 2178 

■ 1956 

T 5 

■2931 

•2926 

‘2795 

■ 2684 

•2 594 

•2522 

'2415 

■ 2281 

■ 2110 

• 1876 

16 

■2903 

•2891 

•2757 

•2642 

■2550 

* 2476 

-2366 

• 2228 

* 2050 

• 1805 

17 

•2877 

• 2860 

•272 3 

•2605 

■2511 

*2436 

• 2322 

• 2180 

•1997 

■ 1741 

18 

•2855 

•2833 

■2692 

•2572 

•2476 

*2399 

-2283 

-2138 

■1949 

• 1682 

19 

•2835 

■2809 

•2665 

‘2543 

■2445 

-2367 

• 2249 

■ 2100 

•1905 

• 1629 

20 

■2817 

•2787 

• 2641 

■2517 

■ 2418 

*2338 

• 2217 

- 2066 

■1866 

• 1581 

21 

•2800 

•2767 

•2619 

■2493 

•2392 

•2311 

• 2189 

•2034 

•1831 

•1536 

22 

■2786 

•2750 

•2599 

-2471 

•2369 

-2287 

•2163 

• 2006 

•1798 

'1495 

23 

•2772 

■27 33 

■2581 

•2452 

-2348 

• 2265 

■2139 

• 1980 

■1767 

'1457 

24 

■ 2760 

•2719 

’ 2564 

■2433 

■2329 

■2245 

■ 2117 

•1956 

•1740 

• 1421 

25 

•2749 

■2705 

•2549 

•2417 

•2311 

• 2226 

• 2097 

•1933 

' 1 7 I 5 

H 

00 

00 

26 

•2738 

• 2692 

'2534 

• 2401 

■2295 

■ 2209 

■ 2079 

* 1 9 I 3 

■ 1691 

* J 357 

27 

• 2729 

>2681 

•2521 

■2387 

• 2280 

•2193 

- 2062 

• 1894 

• 1669 

-1328 

28 

•2720 

• 2670 

•2509 

-2 374 

■ 2266 

■ 2178 

• 2046 

• 1876 

■ 1648 

■1300 

29 

■2711 

• 2660 

•2498 

•2362 

■2253 

• 2165 

■2031 

• i860 

- 1629 

■1274 

30 

■2703 

■2650 

■2487 

' 2 35 o 

■ 2241 

•2152 

• 2017 

■1844 

* 1611 

■ 125° 

40 

■2647 

•2582 

• 2411 

• 2267 

•2152 

-2058 

■1915 

•1731 

’1477 

• 1062 

60 

■2592 

■2514 

•2334 

•2184 

•2063 

-1965 

■1813 

• 1616 

'I338 

• 0848 

120 

•2536 

■ 2446 

•2258 

■ 2101 

■1974 

■ 1870 

■ 1710 

■1499 

■1193 

•0582 

00 

•2481 

•2379 

•2183 

■ 2018 

•1SS5 

■1776 

■ 1606 

■1379 

• 1041 

O 


For high values of n x and n 2 , z (20 per cent.) = —-;====■ — 0-4514 ^ - — — ) approximately, 

where — = — 4 - — . In other parts of the table interpolation is approximately linear if reciprocals of 
n x and « a are taken. 
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Table V. Variance Ratio 

20 Per Cent. Points of e 22 (H. W. Norton) 


\ 1 

W 2 

X 

2 

3 

4 

5 

6 

8 

I 2 

24 

OO 

1 1 

9-47 

12 - OO 

1 3 ‘ 06 

* 3’64 

14-01 

14- 26 

14*58 

14- 90 

15*24 

* 5*58 

2 

3-56 

4-00 

4-16 

4-24 

4*28 

4 * 3 2 

4 ‘ 3 f> 

4-40 

4*44 

4-48 

3 

2- 68 

2‘ 89 

2-94 

2- 96 

2-97 

2-97 

2- 98 

2- 98 

2‘ 98 

2- 98 

4 

2-35 

2-47 

2-48 

2*48 

2-48 

2-47 

2-47 

2-46 

2-44 

2-43 

5 

2’ l8 

2‘ 26 

2- 25 

2- 24 

2-23 

2-22 

2* 20 

2' I 8 

2- I 6 

2-13 

6 

2- 07 

213 

2 ‘II 

2 * 09 

2-08 

2*06 

2-04 

2- 02 

*■99 

i *95 

7 

2 - OO 

2*04 

2- 02 

1-99 

1-97 

1-96 

*■93 

i* 9 * 

1-87 

1*83 

8 

I '95 

I* 98 

1-95 

x- 92 

1-90 

1-88 

i-86 

1-83 

1-79 

1-74 

9 

1-91 

1-94 

I' 90 

1-87 

*■85 

I-83 

i* 80 

i- 76 

1-72 

1-67 

10 

i-88 

i- 90 

i- 86 

1-83 

i* 80 

I*78 

**75 

1- 72 

1-67 

1- 62 

11 

!■ 86 

1-87 

1-83 

1-80 

1-77 

*■75 

i- 72 

i- 68 

1-63 

i *57 

12 

i- 84 

i-8 S 

i- 80 

1-77 

1-74 

1-72 

1* 69 

1-65 

i- 60 

**S 4 

13 

1-82 

1*83 

i* 78 

*■75 

1*72 

1-69 

i-66 

1- 62 

**57 

1 * 5 * 

14 

i* 81 

i- 81 

1* 76 

*‘73 

i- 70 

1*67 

1- 64 

1- 60 

*• 55 

1-48 


1 ■ 80 

1-79 

1-75 

1-71 

i- 68 

i-66 

i* 62 

1*58 

*•53 

1*46 

16 

i- 79 

i* 78 

i- 74 

I- 7 0 

1-67 

1-64 

i* 6r 

1-56 

** 5 * 

**43 

17 

i- 78 

1-77 

1-72 

i-68 

1-65 

1-63 

** 59 

i *55 

**49 

1-42 

18 

1-77 

i“ 76 

1*71 

1*67 

1-64 

1-62 

1-58 

**53 

!• 48 

1-40 

*9 

i- 76 

*■75 

i* 70 

1*66 

1-63 

i* 61 

**57 

1-52 

1-46 

i *39 

20 

I‘ 76 

*•75 

i" 70 

1-65 

1*62 

i- 60 

1*56 

*■ 5 * 

*‘45 

**37 

21 

i '75 

1-74 

1-69 

i - 63 

1-61 

*•59 

*•55 

i* 5 ° 

1-44 

1-36 

22 ! 

i -75 

*•73 

i-68 

1-64 

i*6i 

1-58 

**54 

**49 

**43 

**35 

2 3 

i ' 74 

*■ 73 

i-68 

1-63 

1-60 

*■57 

*‘53 

i *49 

1-42 

1*34 

24 , 

1-74 

i- 72 

1-67 

1-63 

*•59 

*■57 

**5 3 

1*48 

1*42 

**33 

2 5 

** 73 

i* 72 

i- 66 

i* 62 

*•59 

1-56 

1-52 

**47 

1-41 

1-32 

26 ' 

i- 73 

1- 71 

i- 66 

1-62 

1-58 

1-56 

1*52 

1-47 

1-40 

** 3 * 

27 

i’ 73 

1-71 

1* 66 

i-6i 

1-58 

*’ 55 

** 5 * 

1-46 

i* 40 

1-30 

28 

i* 72 

1*71 

i’ 65 

i- 61 

i -57 

i -55 

*■ 5 * 

i* 46 

**39 

1*30 

29 

i“ 72 

1* 70 

1-65 

I* 60 

*■57 

**S 4 

1*50 

**45 

i *39 

I" 29 

3 ° 

i- 72 

1* 70 

i* 64 

I* 60 

*•57 

*■54 

i* 5 ° 

i -45 

1-38 

I' 28 

40 

i- 70 

i*68 

i- 62 

i *57 

*■54 

i’ 5 * 

**47 

i* 4 * 

1*34 

1“ 24 

60 

i-68 

1* 65 

** 59 

** 55 

*’5* 

1-48 

1-44 

*•38 

i* 3 * 

I‘ l8 

120 

i- 66 

1*63 

*•57 

1-52 

1-48 

*‘45 

i* 4 i 

*'35 

r* 27 

I- 12 

CO 

!■ 64 

1- 61 

*‘55 

i' 50 

1-46 

*•43 

1-38 

1*32 

1*23 

I' OO 


Lower 20 per cent, points are found by interchange of n-y and « 2 , i.e. « a must 
always correspond with the greater mean square. 
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Table V. Distribution of j? — continued 
xo Per Cent. Points 


\”l 

»a \ 

I 

2 

3 4 

5 

6 

8 

12 

=4 

OO 

I 

1-8427 1 

•9510 1-9907 2-0112 2-0236 2 

■O32O 2 

•0425 2-0530 2-0636 2 

■0742 

2 

1-0716 1 

-0086 1*1075 I -1120 3 

:-ii46 1 

•1164 1 

*Il86 I 

•1200 I 

•1230 1 

■1252 

3 

•8SS8 

•8489 

•8423 -8379 

*8347 

■8324 

■8293 

-8258 

-8221 

■8179 

4 

• 757 o 

■7322 

•7164 -7064 

■6994 

■6944 

■6875 

•6799 

•6716 

■6623 

5 

*7006 

■6648 

•6432 -6293 

*6196 

■6125 

■6029 

•5921 

•5801 

* 5 C6 5 

6 

■6643 

-6211 

•5953 -5786 

•5669 

•5583 

• 54 <S 5 

*5332 

-5181 • 

-5007 

7 

•6390 

*S 9 oS 

•5615 -5427 

*5295 

•5197 

■5061 

• 49°7 

•4730 

•4523 

8 

-6203 

•5678 

•53 6 4 *5i6o 

■S015 

■4907 

*4757 

•4585 

•4386 

■4148 

9 

•6060 

•5504 

•S 1 ?! ‘4953 

-4798 

■4682 

•4520 

*4333 

•4114 

*3849 

IO 

•5947 

•5366 

•5017 -4788 

-4624 

-4502 

‘ 433 ° 

*4130 

*3893 

■3602 

II 

•5855 

•5253 

•4892 -4653 

■4483 

*4355 

•4173 

•3962 

•3710 

*3395 

12 

•S 779 

■5160 

•478 8 -4541 

■436s 

•4231 

‘4043 

-3821 

‘3555 

-3219 

13 

•S 7 I 5 

■5082 

■4701 -4447 

■4265 

•4127 

* 393 2 

•3702 

•3422 

•3066 

14 

•5661 

■ 5 oi 5 

•4626 -4366 

•4180 

•4038 

*3836 

*3598 

* 33°8 

•2931 

IS 

-5614 

•4957 

•4561 -4296 

*4106 

•396 1 

*3754 

* 35°8 

•3207 

•2813 

16 

•5572 

•4907 

•4504 -4235 

•4041 

*3893 

•3681 

■3429 

■3x18 

■2706 

i 7 

•5537 

■4863 

*4455 -4181 

■3984 

■3833 

■3617 

*3359 

* 303 8 

•261 1 

18 

•5505 

•4823 

■4411 -4134 

*3933 

-3780 

■3560 

•3296 

-2967 

-2524 

19 

•5476 

*4788 

•4371 -409! 

*3887 

*3732 

■ 35 o 8 

•3240 

-2904 

•244S 

20 

•5451 

■4757 

■4336 -4052 

-3846 

•3689 

•3462 

•3189 

-2846 

‘2373 

21 

•S 427 

■4728 

•4304 -4017 

•3809 

*3850 

-3420 

•3143 

-2793 

■2307 

22 

•5407 

■4703 

*4275 *3986 

•3776 

* 38 i 5 

■3382 

•3 1 ox 

•2744 

-2245 

=3 

‘5388 

-4679 

•4248 *3957 

*3745 

•3582 

*3347 

•3062 

•2700 

•2188 

24 

• 537 ° 

■4657 

•4224 -3931 

■3717 

■ 3,553 

*3315 

•3027 

•2659 

•2135 

2 s 

•5354 

•4638 

■4201 -3906 

■3691 

•3526 

•3286 

•2994 

-2621 

•2086 

26 

•5339 

*4620 

•4x81 -3884 

.3667 

*3500 

■3 2 5S 

■2964 

•2585 

•2039 

27 

•5326 

•4603 

-4162 -3863 

* 3 6 45 

*3477 

*3 2 33 

-2936 

*2 553 

•1996 

28 

• 53 r 3 

•4587 

•4144 -3844 

•3624 

*3455 

•3210 

•2910 

•2522 

■1955 

29 

‘53 01 

•4572 

■4128 -3826 

■ 3 < 5 o 5 

*3435 

•3188 

•28S5 

•2493 

■19x6 

30 

•5290 

*4559 

•4112 -3809 

•3587 

•3416 

•3x67 

•2863 

■2466 

■1880 

40 

■5211 

•4461 

•4001 -3688 

■3458 

•3280 

•3019 

■2696 

•226S 

*1599 

60 

•5133 

•4363 

•3891 *3567 

■332& 

•3142 

•2868 

-2526 

■2063 

■1279 

120 

•5054 

•4266 

• 378 i -3446 

•3198 

-3005 

■2717 

•2354 

•1848 

•0881 

00 

*4976 

■4170 

' 3 6 7 i -3328 

•3069 

■2866 

*2565 

•2178 

*1622 

O 


For high values of n x 

. 2 i i 

where *— 1-— . In other 

h 7E 1 71 ^ 

it i and ?i% are taken. 


and w 2 , z (io per cent,) = 2 - 1 - — 0*6071 I approximately, 

\/ h — O'S \ n i 71 2.1 

parts of the table interpolation is approximately linear if reciprocals of 


Table V. Variance Ratio — contimied 


IO Per Cent. Points of <? 2s 


V 

\»J 

I 

2 

3 

4 

5 

6 

8 

I 2 

24 

CO 

I 

39-86 

49 * 5 ° 

53*59 

55*83 

57*24 

58*20 

59*44 

60-70 

62-00 

63*33 

2 

8-53 

9’00 

9-16 

9*24 

9*29 

9*33 

9*37 

9-41 

9*45 

9*49 

3 

5’54 

5*46 

5*39 

5*34 

5*31 

5-28 

5*25 

5*22 

5 *i 8 

5* J 3 

4 

4-54 

4*32 

4-19 

4 *i 1 

4 *o 5 

4*oi 

3*95 

3 * 9 ° 

3*83 

3 " 76 

5 

4-06 

3*78 

3-62 

3*52 

3*45 

3*40 

3*34 

3 * 27 

3*19 

3-10 

6 

3‘78 

3*46 

3*29 

3 *i 8 

3 ' 1 * 

3 *oS 

2-98 

2 -90 

2-82 

2 -72 

7 

3*59 

3-26 

3 *o 7 

2-96 

2 -88 

2*8 3 

2 *75 

2 -67 

2-58 

2-47 

8 

3 * 46 

3 -n 

2 -92 

2 -Si 

2*73 

2 -67 

2*59 

2-50 

2 -40 

2 *29 

9 

3*36 

3-01 

2 -81 

2-69 

2 -61 

2*55 

2*47 

2-38 

2-28 

2-16 

IO 

3-28 

2 -92 

2*73 

2 -6i 

2-52 

2 -46 

2-38 

2 -28 

2 -18 

2 -06 

1 1 

3' 2 3 

2-86 

2 -66 

2*54 

2*45 

2*39 

2*30 

2*21 

2*10 

1-97 

T 2 

3-18 

2 -8i 

2 -6i 

2 -48 

2*39 

2*33 

2 *24 

2-15 

2 -04 

I -90 

13 

3*!4 

2 -76 

2-56 

2*43 

2*35 

2 -28 

2 *20 

2 ‘IO 

1-98 

1*85 

14 

3-1° 

2-73 

2*52 

2*39 

2-31 

2 *24 

2-15 

2-05 

1*94 

1 -80 

15 

3'°7 

2 -70 

2*49 

2-36 

2 *27 

2*21 

2 *12 

2 *02 

I *90 

1 *76 

16 

3*°5 

2 -67 

2 -46 

2*33 

2 '24 

CO 

H 

N 

2 -09 

1-99 

1-87 

1-72 

17 

3 *°3 

2 -64 

2*44 

2-31 

2 *22 

2-15 

2 -06 

1 -96 

1 -84 

1 '69 

18 

3 -°i 

2 -62 

2 *42 

2 -29 

2 *20 

2-13 

2 *04 

i *93 

1 -8i 

1 -66 

19 

2-99 

2 -6i 

2 -40 

2-27 

2 *18 

M 

W 

W 

2 ‘02 

i* 9 i 

1-79 

1-63 

20 

2-97 

2*59 

2-38 

2*25 

2-16 

2 -09 

2 -OO 

1 -89 

1-77 

1 *61 

21 

2 *96 

2'57 

2 -36 

2-23 

2-14 

2 -08 

1 -98 

1 -88 

i *75 

1-59 

22 

2*95 

2-56 

2*35 

2 ’22 

2*13 

2 -06 

1 -97 

i-86 

i *73 

1*57 

23 

2-94 

2*55 

2*34 

2-21 

2*11 

2-05 

1 '95 

1 -84 

1 -72 

i *55 

24 

2*93 

2*54 

2*33 

2 *19 

2 -10 

2 -04 

1-94 

x-83 

1 -70 

i *53 

25 

2 *92 

2*53 

2 -32 

2 -i8 

2 *09 

2 *02 

i *93 

1 -82 

1 -69 

1-52 

26 

2-91 

2-52 

2*31 

2-17 

to 

6 

00 

2 *OI 

I *92 

H 

op 

M 

i-68 

1-50 

27 

2 -90 

2-51 

2-30 

2-17 

2 -07 

2 ‘OO 

1-91 

0 

CO 

H 

1 -Gj 

1-49 

28 

2 -89 

2-50 

2 *29 

2 -16 

2 *06 

2 'OO 

I *90 

i *79 

1-66 

1 -48 

29 

2 -Sg 

2-50 

2 -28 

2-15 

2 *06 

1 *99 

1 -89 

1-78 

1-65 

1-47 

30 

2-88 

2-49 

2 -28 

2-14 

2-05 

1 -98 

i-88 

1-77 

1 -64 

1 -46 

40 

2-84 

2-44 

2-23 

2 ‘09 

2 'OO 

1 *93 

1*83 

1-71 

i *57 

00 

ro 

H 

60 

2-79 

2-39 

2-18 

2 -04 

1-95 

1 -87 

1 *77 

1 -66 

I * 5 I 

T -29 

120 

2*75 

2'35 

2*13 

1-99 

I *90 

1 -82 

I "72 

1-60 

i *45 

1-19 

OO 

2-71 

2-30 

2 -08 

1-94 

1-85 

1-77 

1 -67 

i *55 

1*38 

I -OO 


Lower io per cent, points are found by interchange of n x and n lt i.e. must 
always correspond with the greater mean square. 
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Table V. Distribution op s — continued 






5 Per 

Cent. 

Points 





\«1 

«*\ 

I 

2 

3 

4 

S 

_ 6 

8 

12 

24 

CG 

I 

2' 542I 

2-6479 

2-6870 

2- 7071 

2-7194 

2* 7276 

2-7380 

2- 7484 

2-7588 

2-7693 

2 

I-4S92 

1-4722 

i ’4765 

I -4787 

1-4800 

1-4808 

1-4819 

1-4830 

1-4840 

1-4851 

3 

I' 1577 

i- 1284 

1-1137 

X-IOSI 

1-0994 

I "°953 

1-0899. 

1-0842 

1-0781 

1-0716 

4 

I' 02X2 

■ g6qo 

•9429 

•9272 

-9168 

•9093 

•8993 

■8885 

•8767 

■8639 

5 

■9441 

■8777 

-8441 

•8236 

-8097 

-7997 

• 7862 

•7714 

-7550 

•7368 

6 

■8948 

-S18S 

• 7798 

-7553 

■7394 

■7274 

• 7112 

•6931 

• 6729 

■6499 

7 

■ 8606 

•7777 

'7347 

■ 7080 

• 6896 

• 6761 

•6576 

■6369 

-6134 

•5862 

8 

■8355 

■7475 

■7014 

■6725 

•6525 

-6378 

•6175 

■5945 

- 5682 

■S371 

. 9 

■8163 

■7242 

•6757 

■6450 

•6238 

• 6080 

■5862 

‘56i3 

•5324 

■4979 

10 

•8ol2 

•7058 

■6553 

• 6232 

■ 6009 

■5843 

-5611 

‘ 5346 

■5035 

■4657 

11 , 

•7SS9 

-6909 

•6387 

■ 6 oS 5 

■5822 

•5648 

■5406 

-5126 

*4795 

•4387 

12 

•7788 

■6786 

■6250 

■5907 

-5666 

•5487 

■5234 

■4941 

*4592 

■4156 

13 

' 77°3 

■6682 

■6134 

- 5 7 S 3 

•5535 

•5350 

■5089 

■4785 

•4419 

■3957 

14 

•7630 

■6594 

•6036 

•5677 

■5423 

•5233 

-4964 

■4649 

-4269 

■3782 

15 

•7568 

■6518 

• 595 ° 

•5585 

■5326 

•5131 

.-4855 

•4532 

•4138 

■3628 

16 

•7514 

■6451 

•5876 

■5505 

•5241 

• 5042 

■4760 

■4428 

• 4022 

■3490 

17 

•7466 

•6393 

•5811 

■5434 

•5 166 

•4964 

■4676 

■4337 

•3919 

■3366 

18 

•7424 

•6341 

-5753 

" 537 r 

-5099 

■4894 

■4602 

■42 55 

-3827 

■ 3 3 53 

19 

■7386 

•6295 

' 57 ot 

-5315 

•5040 

•4832 

-4535 

•4182 

•3743 

■3151 

20 

•7352 

■6254 

-5654 

•5265 

•4986 

•4776 

•4474 

•4II6 

■3668 

" 3°57 

21 

•7322 

■ 6216 

•5612 

-5219 

•4938 

•4725 

-4420 

•4055 

■3599 

•2971 

22 

■7294 

• 6182 

•5574 

•5178 

■4894 

■4679 

• 437 o 

•400I 

•3536 

• 2892 

23 

■ 7269 

•6151 

•5540 

-5140 

■4854 

■4636 

•432S 

•3950 

•3478 

• 2818 

24 

• 7246 

-6123 

- 55 o 8 

-5106 

■4817 

•4598 

•4283 

" 39°4 

•3425 

■2749 

25 

■7225 

• 6og7 

-5478 

' 5°74 

•4783 

■4562 

•4244 

•3862 

■3376 

•2685 

26 

•7205 

■6073 

■5451 

■5045 

•4752 

•4529 

'420g 

■3823 

•3330 

• 2625 

27 

■7187 

■6051 

-5427 

■5017 

■4723 

•4499 

•4176 

•3786 

■3287 

-2569 

28 

■7171 

• 6030 

-5403 

■4992 

■ 4696 

■4471 

■4x46 

•3752 

■3248 

*25x6 

29 

'7155 

■ 601 1 

■5382 

•4969 

•4671 

• 4444 

•4117 

*3720 

•3211 

■ 2466 

3 ° 

•7141 

■5994 

-5362 

-4947 

■4648 

•4420 

-4090 

■3691 

•3176 

• 2419 

40 

•7037 

■5866 

■5217 

•4789 

•4479 

■4242 

■3897 

•3475 

’ 2920 

-2057 

60 

•6933 

■5738 

•5073 

•4632 

•4311 

•4064 

-3702 

•3255 

•2654 

■1644 

120 

•6830 

-5-611 

•4930 

'4475 

• 4 i 43 

•3885 

■3506 

-3032 

•2376 

•1131 

cc 

■6729 

■5486 

■4787 

■ 43 i 9 

■3974 

•3706 

■3309 

• 2804 

■2085 

O 

For high values of 

and 1, 

l si P er cent.) 

1-6449 

h — I 

— 0-7843 

(J._A 
\«1 « 3 

^ approximately, 


where ^ + . In other parts of the table interpolation is approximately linear if reciprocals of 

and are taken. 
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5 Per Cent. Points of e~- 


\"1 

«a\ 

X 

2 

3 

4 

5 

6 

8 

1 

12 

24 

OO 

i 

161-4 199*5 215-7 224-6 230-2 

234-0 2 

38-9 243-9 249-0 254-3 

2 

18-51 

ig- 00 

ig- 16 

19-25 19-30 

19-33 

19*37 

19-41 

19-45 

ig- 50 

3 

io- 13 

9-55 

g- 28 

9* 12 

g-oi 

8-94 

8-84 

8- 74 

8-64 

8-53 

4 

7-71 

6-94 

6’ 59 

6’ 39 

6- 26 

6- 16 

6- 04 

5 ‘ 9 1 

5-77 

5’ 6 3 

5 

6- 61 

5'79 

5 - 4 i 

5 -i 9 

5 ‘°S 

4 ‘ 95 

4-82 

4* 68 

4-53 

4 ’ 36 

6 

5-99 

5 ' 14 

4- 76 

4'53 

4'39 

4- 28 

4 -i 5 

4- 00 

3 ‘ 84 

3 - 67 

7 

5-59 

4 ' 74 

4‘35 

4-12 

3-97 

3- s 7 

3 ‘ 73 

3-57 

3 - 4 i 

3-2 3 

8 

5-32 

4-46 

4-07 

3 ' a 4 

3-69 

3 ‘ 5 S 

3'44 

3*28, 

3- 12 

2 -93 

9 

5-12 

4- 26 

3-86 

3-63 

3-48 

3‘37 

3-23 

3-07 

2- 90 

2-71 

IO 

4-96 

4- 10 

3 ‘ 7 1 

3 * 4 S 

3‘33 

3-22 

3 ‘ °7 

2- 91 

2-74 

2 -54 

1 1 

4- 84 

3 ‘ 9 s 

3' 59 

3-36 

3' 20 

3-09 

2-95 

2-79 

2- 6l 

2- 40 

12 

4 " 75 

3-88 

3*49 

3‘ 2 6 ^ 

3 ' 11 

3-00 

2- 85 

2- 69 

2-50 

2- 30 

13 

4-67 

3-80 

3 - 4 i 

3‘ 18 

3-02 

2- 92 

2-77 

2- 60 

2-42 

2-2 1 

14 

4- 60 

3 ' 74 

/ 3 " 34 

3- XI 

2- 96 

2-85 

2- 70 

2*53 

2 ‘35 

2- 13 

IS 

4 " 54 

3-68 

3-29 

3-°6 

2- go 

2-79 

2- 64 

2-48 

2-29 

2-07 

16 

4 ' 49 

3' 6 3 

3 ‘ 2 4 

3 " 01 

2-85 

2- 74 

2-59 

2-42 

2- 24 

2-01 

17 

4'4 5 

3-59 

3 ‘ 20 

2- 96 

2- 8l 

2- 70 

a - 55 

2-38 

2- ig 

I- 96 

18 

4-41 

3 - 55 

3- 16 

2-93 

2* 77 

2- 66 

2-51 

2 ‘34 

2-15 

1-92 

19 

4 ‘ 3 8 

3-52 

3 ’ 13 

2- 90 

2-74 

2-63 

2- 48 

2-31 

2 - II 

x- 88 

20 

4‘35 

3‘49 

3 " i° 

2-87 

2-71 

2- 60 

2-45 

2- 28 

2- 08 

i- 84 

2 I 

4-32 

3'47 

3-07 

2- 84 

2- 68 

2-57 

2-42 

2-25 

2-05 

1-81 

2 2 

4 ‘ 30 

344 

3 " <=>5 

2- 82 

2-66 

2-55 

2-40 

2-23 

2-03 

1-78 

23 

4-28 

3-42 

3-03 

2- 80 

_2- 64 

2'53 

2-38 

2- 20 

2 ’ OO 

x* 76 

24 

4- 26 

3-40 

3 * 01 

2- 78 

2- 62 

2-51 

2-36 

2-l8 

I- 98 

i -73 

25 

4-24 

3-38 

2-99 

2- 76 

2- 60 

2-49 

2-34 

2-l6 

x- 96 

i* 71 

26 

4- 22 

3 ‘ 37 

2 - 98 

2- 74 

2-59 

2-47 

2-32 

2-15 

1-95 

i- 69 

27 

4- 21 

3 ' 35 

2‘ 96 

2- 73 

2-57 

. 2’ 46 

2-30 

2-13 

i -93 

1- 67 

28 

4- 20 

3 " 34 

2 '95 

2-71 

2-56 

2-44 

2" 29 

2-12 

1-91 

1-65 

29 

4-18 

3‘ 33 

2-93 

2- 70 

2-54 

2'43 

2- 28 

2-10 

i- 90 

1- 64 

3 ° 

4-17 

3-32 

2- 92 

2" 69 

2' 53 

2-42 

2-27 

2- 09 

i- 89 

1-62 

40 

4- 08 

3 ‘ 2 3 

2- 84 

2- 6l 

3' 45 

2-34 

2- l8 

2 - OO 

1-79 

i- 5 i 

60 

4- 00 

3 ' 15 

2- 76 

2* 52 

2-37 

2-25 

2 - IO 

I-92 

i- 70 

i '39 

120 

3-92 

3 - 07 

2-68 

2 '45 

2-29 

2-17 

2-03 

I-83 

i- 61 

1-25 

OC 

3' s 4 

2-99 

2- 60 

2-37 

2-21 

2-10 

x -94 

i -75 

1-52 

1*00 


, Lower 5 per cent, points arc found by interchange of « x and n t , t . e . n x must always 

correspond with the greater mean square. 
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Table V. Distribution of z — continued 
I Per Cent. Points 


\- 

"2 \ 

I 2 

3 

4 

5 

6 

8 

12 

24 

cc 

I 

4-1535 4-2585 

4-2974 

4 - 3 I 75 

4-3297 

4-3379 

4-3482 

4-3585 

4-3689 

4*3794 

2 

2-2Qi;o 2-2Q76 

2' 2984 

2- 2988 

2- 299I 

2- 2992 

2- 2994 

2- 2997 

2* 2999 

2* 3001 

3 

1-7649 1-7140 

I'69I5 

1-6786 

1-6703 

1-6645 

1-6569 

I- 6489 

i- 6404 

1-6314 

4 

1-5270 1-4452 

1*4075 

1-3856 

I- 37 II 

1-3609 

1-3473 

I- 33 2 7 

1 * 3 I 7 ° 

I* 3000 

5 

1-3943 1-2929 

1-2449 

1- 2164 

I- 1974 

1* 1838 

1- 1656 

I-I 457 

i- 1239 

1-0997 

6 

1-3103 1-1955 

x- 1401 

i- 1068 

1-0843 

i- 0680 

1-0460 

1-02x8 

■9948 

*9643 

7 

1-2526 1-1281 

1-0672 

I‘0300 

I- OO48 

• 9864 

•9614 

■9335 

* 9020 

■8658 

8 

1-2106 1-0787 

1*0135 

•9734 

•9459 

• 9 2 59 

-8983 

■8673 

*8319 

■7904 

9 

1-1786 1-0411 

•9724 

■9299 

■ 9006 

■8791 

-8494 

•8157 

-7769 

" 73°5 

IO 

I- 1535 1-0114 

•9399 

■8954 

• 8646 

•8419 

• 8104 

■7744 

*7324 

•6816 

1 1 

I- 1333 -9874 

•9136 

■8674 

•8354 

- 81 16 

■7785 

*7405 

■6958 

• 6408 

12 

1-1166 -9677 

-8919 

■8443 

•8lII 

-7864 

•7520 

• 7122 

■ 6649 

• 6061 

*3 

1-1027 -9511 

•8737 

- 8248 

•7907 

■ 7652 

-7295 

■6882 

■6386 

-5761 

14 

1-0909 -937° 

•8581 

- 8082 

-7732 

• 7471 

■7103 

■6675 

■6159 

• 55 oo 

15 

1-0807 ‘ 9 2 49 

• 8448 

*7939 

-7582 

■7314 

-6937 

■ 6496 

•5961 

•5269 

16 

1-0719 -9144 

•8331 

-7814 

-7450 

•7177 

-6791 

■6339 

■5786 

■5064 

D 

1-0641 -9051 

- 8229 

*7705 

•7335 

■7057 

-6663 

•6199 

•5630 

•4879 

18 

1-0572 -8970 

•8138 

• 7607 

■7232 

■6950 

-6549 

•6075 

*5491 

-4712 

19 

1-0511 -8897 

-8057 

•7521 

•7140 

•6854 

-6447 

• 5964 

*S 3 6 6 

-4560 

20 

1-0457 -8831 

•7985 

•7443 

•7058 

•6768 

•6355 

•5864 

■525 3 

•4421 

31 

1-0408 -8772 

• 7920 

■7372 

' 6984 

• 6690 

• 6272 

■5773 

•5150 

■4294 

22 

1-0363 -8719 

• 7860 

■7309 

■ 6916 

•6620 

•6x96 

-5691 

■5056 

•4176 

2 3 

1-0322 -8670 

• 7806 

■7251 

•6855 

•6555 

■6127 

■5615 

•4969 

•4068 

24 

1-0285 '8626 

■7757 

-7x97 

•6799 

• 6496 

•6064 

■5545 

■4890 

■3967 

25 

1-0251 -8585 

- 7712 

-7148 

•6747 

• 6442 

• 6006 

•5481 

•4816 

•3872 

26 

1-02 20 ’8548 

■ 7670 

■7103 

* 6699 

-6392 

- 595 2 

•5422 

-4748 

-3784 

27 

I-OI 9 I -8513 

-7631 

• 7062 

■6655 

•6346 

■5902 

■5367 

■4685 

•3701 

28 

1-0164 ‘8481 

■7595 

-7023 

• 6614 

• 6303 

■5856 

•5316 

■ 4626 

•3624 

29 

I" OI39 -8451 

-7562 

• 6987 

■6576 

• 6263 

•5813 

•5269 

•4570 

• 355 o 

30 

I- OI l6 -8423 

-7531 

■6954 

■6540 

•6226 

•5773 

■5224 

-4519 

•3481 

40 

■9949 -8223 

•7307 

-6712 

■6283 

•5956 

•54S1 

•4901 

-4138 

■2952 

60 

•9784 -8025 

- 7086 

■ 6472 

■ 6028 

•5687 

•5189 

*4574 

•3746 

•2352 

120 

*9622 -7829 

-6867 

■6234 

■5774 

•5419 

•4897 

•4243 

■3339 

■ 1612 

cC 

■9462 -7636 

-6651 

*5999 

•5522 

•5152 

■4604 

•3908 

•2913 

O 


' / X j \ 

For nigh values of ?t v and ?i Zt z (i per cent.) = . ~ — 1*235 ( ”■ — ~ ) approximately, 

V« — i '4 Vh n i/ 

■where - __ — . _j_ — _ In other Darts of the table interoolation. is annroximately linear if reciprocals of 
«i and « s are taken. 
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Table V. Variance Ratio — continued 
I Per Cent. Points of 


1 

\ 

I 

2 

3 

4 

5 

6 

S 

12 

24 

CO 

i 

4052 

4999 

5403 

5625 

5764 

5859 

5982 

6106 

6234 

6366 

2 

98-50 

99- 00 

99-17 

99-25 

99 - 3 o 

99*33 

99-37 

99-42 

99-46 

99-5° 

3 

34- 12 

30-82 

29- 46 

28-71 

28- 24 

27-91 

27-49 

27-05 

26- 60 

26- 12 

4 

2 1- 20 

18-00 

16- 69 

iS-98 

15-52 

15-21 

14- 80 

14-37 

I 3‘93 

13-46 

5 

16- 26 

13- 27 

12- 06 

n -39 

10-97 

io- 67 

10-29 

9-89 

9‘47 

9* 02 

6 

T 3‘74 

io- 92 

9-78 

9 *i 5 

8-75 

8-47 

8-io 

7-72 

7 - 3 i 

6-88 

7 

12-25 

9 ' 55 

8-45 

7-85 

7-46 

7*19 

6-84 

6-47 

6-07 

5-65 

8 

11- 26 

8-65 

7*59 

7-01 

6-63 

6*37 

6-03 

5-67 

5-28 

4- 86 

9 

10-56 

8- 02 

6-99 

6-42 

6- 06 

S' 80 

5-47 

5 " 1 1 

4-73 

4 - 3 i 

xo 

IQ’ 04 

| 

7 ' 56 

6-55 

5-99 

5-64 

5*39 

5-06 

4-71 

4*33 

3 ‘ 9 t 

II 

: 9-65 

7- 20 

6-22 

5-67 

5-32 

5*°7 

4 ‘ 74 

4 * 40 

4-02 

3-60 

12 

, 9-33 

6-93 

5‘95 

5 - 4 i 

5-06 

4-82 

4 - 5 o 

4- 16 

3-78 

3-36 

13 

1 9-07 

6- 70 

5‘74 

5-20 

4*86 

4-62 

4 ' 3 ° 

3-96 

3-59 

3-16 

14 

8-86 

6-51 

5-56 

5-03 

4-69 

4*46 

4-14 

3- 80 

3'43 

3-00 

15 

8-68 

6-36 

5-42 

4-89 

4-56 

4-32 

4-00 

3-67 

3-29 

2- 87 

16 

8-53 

6-23 

5-29 

4-77 

4‘44 

4- 20 

3-89 

3 ' 55 

3-18 

2‘75 

i 7 

8- 40 

6- n 

5 - 18 

4-67 

4‘34 

4- 10 

3-79 

3-45 

3-08 

2-65 

18 

8-28 

6- 01 

5-09 

4-58 

4-25 

4-01 

3 - 7 i 

3-37 

3-00 

2-57 

19 

8-xS 

5-93 

5-01 

4 - 5 ° 

4-17 

3*94 

3-63 

3 - 3 ° 

2- 92 

2-49 

20 i 

8- 10 

5-85 

4*94 

4’43 

4-10 

3-87 

3-56 

3-23 

2-86 

2-42 

21 | 

8- 02 

5-78 

4-87 

4*37 

4-04 

3 - 8 i 

3 - 5 i 

3 ' *7 

2- 80 

3-36 

22 

7-94 

5-72 

4-82 

4 - 3 i 

3-99 

3-76 

3-45 

3-12 

2-75 

2-31 

23 

7-88 

5-66 

4-76 

4- 26 

3-94 

3 - 7 i 

3 - 4 i 

3-07 

2- 70 

2- 26 

24 

7- 82 

5 - 6 i 

4-72 

4- 22 

3 ' 90 

3-67 

3-36 

3’°3 

2-66 

2-21 

25 

7'77 

5*57 

4-68 

4-18 

3-86 

3*63 

3-32 

2-99 

2-62 

2-17 

26 

T 72 

5*53 

4-64 

4-14 

3-82 

3-59 

3*29 

2- 96 

2-58 

2- I 3 

27 

7-68 

5' 49 

4- 60 

4-11 

3-78 

3*56 

3-26 

2*93 

2-55 

2 - IO 

28 

7-64 

5*45 

4‘57 

4-07 

3-75 

3’53 

3*23 

2- 90 

2-52 

2* 06 

29 

7- 60 

5*42 

4-54 

4-04 

3-73 

3 - 5 o 

3-20 

2* 87 

2-49 

2*03 

3 ° 

7-56 

5*39 

4 ‘ 5 1 

4- 02 

3 ' 7 o 

3-47 

3- 17 

2- 84 

2-47 

2 - OI 

40 

7 - 3 i 

5-1S 

4 * 3 1 

3-83 

3 - 5 i 

3-29 

2-99 

2- 66 

2-29 

I- 80 

60 

7-08 

4*98 

4-i3 

3-65 

3-34 

3-12 

2- 82 

2-50 

2-12 

I- 60 

120 

6-85 

4*79 

3*95 

3-48 

3-i7 

2-96 

2- 66 

2-34 

I " 95 

1-38 

CC 

6-64 

4- 60 

3-7 s 

3-32 

3-02 

2- 80 

2- 51 

2- l8 

1-79 

I- OO 


Lower x per cent, points are found by interchange of and « a , i.e. 7i 1 must always 
correspond with the greater mean square. 
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o-l Per Cent. Points (Colcord and Demingj 


V - «! 
«2 \ 

I 

2 

3 

4 

5 

6 

8 

12 

24 

00 

I 

6-4562 

6-5612 

6-6ooo 

6-6201 

6-6323 

6-6405 

6-6508 

6-66n 

6-6715 

6-6819 

2 

3 - 4 S 3 1 

3-4534 

3-4535 

3-4535 

3-4535 

3-4535 

3-4536 

3'4536 

3-4536 

3-4536 

3 

2 - 559 1 

2-5003 

2-4748 

2-4603 

2-4511 

2-4446 

2-4361 

2-4272 

2-4179 

2 -4080 

4 

2-1529 

2-0574 

2-0143 

1-9892 

1-9728 

1 -9612 

1-9459 

1-9294 

1 -91 18 

I -8927 

5 

1-9270 

1-8071 

I- 75 I 3 

1-7184 

1-6964 

1 -6808 

1-6598 

1-6370 

Z*6l2I 

I -5845 

6 

1-7849 

1-6479 

1-5828 

1-5438 

i- 5 i 75 

1 -4986 

1-4730 

1-4449 

1-4136 

1-3783 

7 

1-6879 

1-5384 

1-4662 

I-4224 

1-3927 

1-3711 

i- 34 i 7 

1-3090 

1-2721 

1-2296 

8 

1-6177 

1-4587 

1-3809 

1-3333 

1-3008 

1-2770 

1-2443 

1-2077 

1-1659 

I'Il69 

9 

1-5646 

1-3982 

1 -3160 

1-2653 

1-2304 

1*2047 

1-1694 

1-1293 

1-0830 

1-0279 

IO 

1-5232 

1-3509 

1-2650 

1-2116 

1-1748 

I-I 475 

1-1098 

1-0668 

1-0165 

•9557 

II 

1 -4900 

1-3128 

1-2238 

1-1683 

1-1297 

1*1012 

x -0614 

1-0157 

•9619 

•8957 

12 

1-4627 

1-2814 

I *1900 

1-1326 

1 -0926 

1-0628 

1-0213 

•9733 

•9162 

-8450 

13 

1-4400 

1-2553 

1-1616 

1 -1026 

1 -0614 

1 *0306 

•9875 

•9374 

•8774 

•8014 

14 

1 -4208 

1-2332 

1-1376 

1-0772 

1-0348 

I" 003 I 

-9586 

•9066 

■8439 

•7635 

15 

1-4043 

1*2141 

1-1169 

i-o 553 

1-0119 

•9795 

•9336 

■8800 

■8147 

■7301 

l6 

1-3900 

1-1976 

1-0989 

1 -0362 

■9920 

•9588 

•9119 

-8567 

•7891 

•7005 

17 

1-3775 

1-1832 

1 -0832 

i'oi 95 

•9745 

•9407 

•8927 

■8361 

•7664 

■6740 

18 

1-3665 

1-1704 

1-0693 

1-0047 

■9590 

-9246 

•8757 

■8x78 

•7462 

•6502 

19 

I- 3 S 67 

1-1591 

1-0569 

■9915 

■9452 

-9103 

■8605 

■8014 

•7279 

■6285 

20 

1-3480 

1-1489 

1-0458 

■9798 

•9329 

-8974 

-8469 

•7867 

•7115 

■6086 

21 

1 -3401 

1-1398 

1-0358 

■9691 

•9217 

•8858 

■8346 

•7734 

•6965 

•5904 

22 

1-3329 

1-1315 

1-0268 

•9595 

■9116 

-8753 

•8234 

•7612 

•6828 

■5738 

23 

1-3264 

I • I 240 

1-0186 

• 95°7 

•9024 

•8657 

■8132 

•7501 

•6704 

■5583 

24 

1-3205 

1-1171 

i-oiii 

•9427 

■8939 

-8569 

•8038 

-7400 

■6589 

■5440 

25 

I- 3 I 5 1 

i-iio8 

1 -0041 

■9354 

■8862 

*8489 

•7953 

-7306 

■6483 

•5307 

26 

1-3101 

0 

0 

H 

H 

•9978 

•9286 

•8791 

•8415 

■7873 

■7220 

■6385 

- 5 l 83 

27 

I -3055 

1-0997 

•9920 

•9223 

•8725 

•8346 

■7800 

■7140 

'6294 

■5066 

28 

1-3013 

1-0947 

•9866 

•9165 

•8664 

•8282 

■7732 

■7066 

■6209 

‘4957 

29 

1-2973 

I*090I 

•9815 

•9112 

'8607 

■8223 

-7669 

■6997 

•6129 

•4853 

3 ° 

1-2936 

1-0859 

•9768 

■9061 

•8554 

■8168 

■7610 

■6932 

•6056 

■4756 

40 

1-2672 

1-0552 

■9431 

■8701 

•8174 

• 777 i 

■7184 

-6463 

-5513 

-4016 

60 

12413 

1*0250 

•9100 

■8345 

•7798 

’7377 

•6760 

•5992 

■4955 

•3184 

120 

1-2159 

■9954 

•8773 

•7994 

■7426 

-6986 

•6338 

■ 55 i 9 

’4381 

■2170 

OO 

I'lQIO 

*9663 

-8453 

•7648 

■7059 

■6599 

■5917 

■5044 

■3786 

O 


For high values of n l and n a , s(o-t per cent.) = ~ -j — ~ • — 1-925 (~L — _L i approximately, 

V h — 2*1 >£„) 

.21 i 

where = — + — . In other parts of the table interpolation is approximately linear if reciprocals of 
«i and « 2 are taken. 
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V 1 

n 2 \ 

I 

2 

3 

4 

5 

6 

8 

12 

24 

OO 

i 

405284 500000 

540379 

562500 

576405 

585937 598144 610667 623497 636619 

2 

998 -S 

999-0 

999-2 

999-2 

999'3 

999‘3 

999-4 

999-4 

999-5 

999-5 

3 

167- 0 

148-5 

141- 1 

I 37 " 1 

134-6 

132-8 

130-6 

128-3 

125-9 

123-5 

4 

74-14 

61-25 

56-18 

53-44 

5 i‘ 7 i 

5°"53 

49*00 

47 - 4 1 

45-77 

44-0 5 

5 

47-18 

37-12 

33-20 

31-09 

29-75 

28-84 

27-64 

26-42 

25 -I 4 

23-78 

6 

35 -Si 

27-00 

23-70 

21-92 

2o- Si 

20- 03 

19-03 

17-99 

16- 89 

15-75 

7 

29-25 

21-69 

18-77 

17-19 

i6- 21 

15-52 

14-63 

I 3-71 

12*73 

11-69 

8 

25-42 

18-49 

i 5'83 

14-39 

13-49 

12-86 

12-04 

11* 19 

10-30 

9-34 

9 

22-86 

16-39 

13-90 

12-56 

11-71 

11-13 

10-37 

9-57 

8-72 

7 " 8 i 

IO 

21-04 

14-91 

12-55 

ii- 28 

10-48 

9-92 

9-20 

8-45 

7-64 

6-76 

1 1 

19-69 

13-81 

11-56 

i °-35 

9-58 

9 -o 5 

8-35 

7-63 

6-85 

6-oo 

12 

18-64 

12-97 

IO- 80 

9’63 

8-89 

8-38 

7-71 

7-00 

6-25 

5-42 

13 

17-81 

12-31 

IO- 21 

9-07 

8-35 

7-86 

7-21 

6-52 

5-78 

4‘97 

14 

I 7‘ I 4 

11-78 

9'73 

8-62 

7-92 

7-43 

6- 80 

6-13 

5 - 4 i 

4-60 

15 

16-59 

H -34 

9'34 

8-25 

7'57 

7-09 

6-47 

5-81 

5 ‘ 10 

4 - 3 i 

l6 

16- 12 

10-97 

9*oo 

7-94 

7-27 

6-Si 

6-19 

5'55 

4-85 

4*06 

17 

15-72 

io-66 

8-73 

7-68 

7-02 

6-56 

5 ' 9 6 

5 - 3 2 

4-63 

3-85 

18 

15-38 

10-39 

8-49 

7-46 

6-8i 

6-35 

5-76 

5‘ 13 

4‘45 

3-6 7 

19 

15-08 

xo- 16 

8-28 

7-26 

6-62 

6-18 

5-59 

4‘97 

4-29 

3-52 

20 

14-82 

9-95 

8- 10 

7- 10 

6-46 

6-02 

5-44 

4-82 

4 ‘ 1 5 

3*38 

21 

14-59 

9-77 

7-94 

6-95 

6-32 

5*88 

5 - 3 1 

4 ’ 7 ° 

4-03 

3*26 

22 

14-38 

9-61 

7-80 

6-8i 

6-19 

5-76 

5 -i 9 

4-58 

3 - 92 

3-15 

23 

14-19 

9'47 

7-67 

6-69 

6-o8 

5-65 

S' 09 

4-48 

3-82 

3 -o 5 

24 

14-03 

9-34 

7-55 

6-59 

5-98 

5-55 

4-99 

4'39 

3-74 

2-97 

25 

13-88 

9- 22 

7-45 

6-49 

5-88 

5-46 

4-91 

4 - 3 i 

3’ 66 

2*89 

26 

1 3 ' 74 

9- 12 

7-36 

6-41 

5-80 

5-38 

4-83 

4'24 

3*59 

2- 82 

27 

13-61 

9-02 

7-27 

6"33 

5-73 

5 - 3 i 

4-76 

4-17 

3*52 

2-75 

28 

i 3 - 5 o 

8-93 

7 " I 9 

6-25 

5-66 

5-24 

4-69 

4 -n 

3-46 

2* 70 

29 

13-39 

8-85 

7-12 

6- 19 

5-59 

5 -i 8 

4-64 

4-05 

3 - 4 i 

2*64 

30 

13-29 

8-77 

7-05 

6-12 

5-53 

5-12 

4-58 

4-00 

3-36 

2*59 

40 

I2-6i 

8-25 

6-60 

5 ’ 7 ° 

5' *3 

4’73 

4-21 

3-^4 

3-01 

2-23 

60 

ii -97 

7-76 

6-17 

5 ’ 3 i 

4-76 

4-37 

3*8 7 

3 - 3 1 

2*69 

1*90 

120 

11-38 

7.32 

5‘79 

4-95 

4-42 

4-04 

3-55 

3-02 

2*40 

i -54 

00 

10-83 

6-91 

5-42 

4-62 

4* 10 

3-74 

3-27 

2-74 

2*13 

i-oo 


Lower o* i per cent, points are found by interchange of and i.e. must always 
correspond with the greater mean square. 
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Table Vi. Fiducial Limits for a Variance Component 
(M. J. R. Healy) 



«2 

10 

b 

11 

1*0 

2*0 

4-0 

8*o 

16-0 

OO 

P — o -95 

6 

0 

0 

O 

O 

0-254 

0-372 

0-477 


8 

0 

0 

0 

0-060 

0-288 

0-386 

0-477 

= 6 

12 

0 

0 

O 

0-134 

o- 3 i 5 

0-397 

0-477 


24 

0 

0 

O 

0-187 

0-336 

0*407 

0-477 


00 

0 

0 

0 

0-227 

0-352 

0-415 

0-477 


6 

0 

0 

0 

O 

0-288 

0*410 

0-516 


8 

0 

0 

0 

0-088 

0-325 

0-425 

0-516 

n x = 8 

12 

0 

0 

0 

0-168 

o- 3 S 3 

0-436 

0-516 


24 

0 

0 

0 

0-225 

o- 37 S 

0-446 

0-516 


CO 

0 

0 

0-016 

0-266 

0-391 

o -454 

0-516 


6 

0 

0 

O 

O 

o -333 

0-462 

0-571 


8 

0 

0 

O 

0-125 

o‘ 37 S 

o -479 

0-571 

II 

w 

10 

12 

0 

0 

O 

0*212 

0-405 

0-491 

0-571 


24 

0 

0 

O 

0-276 

0-428 

0-501 

0-571 


00 

0 

0 

0*07I 

0-321 

0-446 

0-509 

0-571 


6 

0 

0 

O 

0-034 

0*404 

0-546 

0-659 


8 

0 

0 

O 

0-179 

o -453 

0-565 

0-659 

»1 = 2 4 

12 

0 

0 

O 

0-284 

0-489 

o -579 

0-659 


24 

0 

0 

0-006 

0-358 

o- 5 iS 

0-589 

0-659 


co 

0 

0 

0-159 

0*409 

o -534 

o -597 

0-659 


6 

0 

0 

O 

0-083 

o -542 

0-734 

I -ooo 


3 

0 

0 

0 

0-268 

0-634 

0-817 

I- 000 

= CO 

12 

0 

0 

0 

0-426 

0-713 

0-856 

1*000 


24 

0 

0 

0-134 

0-567 

0-784 

0-892 

I - ooo 


00 

0 

0 

0-500 

0-750 

0-875 

0-938 

I -ooo 

P = 0'05 

6 

1-608 

2-502 

3 -° 3 ° 

3-329 

3-492 

3'577 

3-669 


8 

1-620 

2-540 

3-066 

3'354 

3 - 5 o 8 

3-586 

3-669 

= 6 

12 

1 '633 

2-580 

3-101 

3-378 

3-521 

3-594 

3-669 


24 

1-649 

2-623 

3-136 

3-399 

3’533 

3-601 

3-669 


00 

1-669 

2-669 

3-169 

3-419 

3'544 

3-607 

3-669 


6 

1-027 

1-831 

2-317 

2-598 

2-754 

2-837 

2-928 


8 

1*010 

1-851 

2-343 

z-6i9 

2-768 

2-846 

2-928 

= 8 

12 

0-989 

1-873 

2-370 

z -639 

2-781 

2-853 

2 -928 


24 

0-963 

1-898 

2-399 

2-659 

2*792 

2-860 

2-928 


00 

0-928 

1-928 

2-428 

2-678 

2-803 

2-866 

2-928 


6 

0-588 

1*291 

1-724 

1 -982 

2-128 

2 ■ 208 

2-296 


8 

o '545 

1*291 

i -739 

1-998 

2-139 

2-215 

2-296 

tl \ = 12 

12 

0-489 

1*292 

1-757 

2*014 

2-151 

2*222 

2-296 


24 

0-413 

1-294 

i -775 

2-030 

2-162 

2-228 

2-296 


OO 

0-296 

1-296 

1-796 

2-046 

2*I7I 

2-234 

2-296 


6 

0-269 

o-86i 

1*222 

1-444 

J -575 

1-648 

1-733 


8 

0-205 

0-841 

1-225 

1-453 

i- 5«3 

1-654 

1-733 

= 24 

12 

o-n8 

0-816 

1*227 

1-462 

I " 59 ° 

i-66o 

i -733 


24 

O 

0-783 

I*229 

1-470 

i-6oo 

1-666 

1-733 


co 

O 

o -733 

1-233 

1-483 

1-608 

1-671 

1 "733 


6 

0-046 

0-523 

0-762 

0-881 

0-960 

0*970 

1*000 


8 

O 

0-484 

0-742 

0-871 

0-936 

0-968 

I -ooo 

*1 = “ 

12 

O 

0*429 

0-714 

0-857 

0'929 

0-964 

I -ooo 


24 

O 

o- 34 i 

0-640 

0-835 

0-918 

o -959 

I *000 


OO 

O 

O 

0-500 

0-750 

0-875 

0-938 

1*000 




Table Vi. Fiducial Limits for a Variance Component ' — continued 



«2 

F = 0-5 

1*0 

2*0 

4-0 

8-o 

16-0 

OO 

P = o -99 

6 

O 

O 

O 

O 

0 

0*220 

o -357 


8 

O 

O 

O 

O 

0-100 

0-252 

°-357 

n 1 — 6 

12 

O 

O 

O 

O 

0-170 

0-273 

o -357 


24 

O 

O 

O 

0-034 

0-208 

0-286 

o -357 


00 

O 

O 

O 

0-107 

0-232 

0-295 

o -357 


6 

O 

O 

O 

O 

0 

0-256 

0-398 


8 

O 

O 

O 

O 

0-135 

0-293 

0-398 

n x — 8 

12 

O 

O 

O 

O 

0*209 

0-314 

0-398 


24 

O 

O 

O 

0-074 

0*249 

0-327 

0-398 


OO 

O 

O 

O 

0-148 

0-273 

0-336 

0-398 


6 

O 

O 

0 

O 

0-025 

0-312 

0-458 


8 

O 

O 

O 

O 

0-182 

°- 35 ° 

0-458 

= 12 

12 

O 

O 

O 

O 

0-265 

0-372 

0-458 


24 

O 

O 

0 

0*I29 

0-308 

0-386 

0-458 


00 

O 

O 

0 

0-208 

0-333 

0-396 

0-458 


6 

O 

O 

0 

0 

0*070 

o -394 

o -558 


8 

O 

O 

0 

0 

0-255 

0-444 

0-558 

= 24 

12 

O 

O 

0 

0*041 

o- 35 S 

0-471 

o -558 


24 

O 

O 

0 

0*219 

0-406 

0-486 

0-558 


OO 

O 

O 

CO 

to 

O 

b 

00 

O 

b 

o -433 

0-496 

0'558 


6 

O 

O 

0 

0 

0*I40 

0-570 

1*000 


8 

O 

O 

0 

0 

o -393 

0*696 

1*000 

n ± = 00 

12 

O 

O 

0 

0-160 

0-580 

0-790 

1*000 


24 

O 

O 

0 

0-447 

0-724 

0-862 

1*000 


00 

O 

O 

0-500 

0-750 

0-875 

0-938 

1*000 

4° = o'oi 

6 

4-612 

5-628 

6-209 

6-531 

6-697 

6-775 

6-88o 


8 

4-670 

5-690 

6-257 

6-560 

6-715 

6-784 

6-88o 

^ = 6 

12 

4-734 

5-753 

6-306 

6-586 

6-731 

6-793 

6-88o 


24 

4-804 

S-8i7 

6-343 

6-6o8 

6-745 

6-799 

6-88o 


00 

4-880 

5-880 

6-380 

6-630 

6-755 

6-8i8 

6-88o 


6 

2-798 

3-693 

4*221 

4-520 

4-682 

4-764 

4-859 


8 

2-809 

3 - 73 ° 

4-256 

4-544 

4-697 

4'774 

4-859 

= 8 

12 

2-822 

3 - 77 ° 

4-291: 

4-568 

4-711 

4-782 

4-859 


24 

2-839 

3-813 

4-325 

4-589 

4-7Z3 

4-789 

4-859 


00 

2-859 

3-859 

4-359 

4-609 

4-734 

4-797 

4-859 


6 

1-566 

2-312 

2-770 

3-039 

3-i9i 

3-271 

3-3 61 


8 

I-S32 

2*322 

2*790 

3-°57 

3-203 

3-279 

3-361 | 

n ± = 12 

12 

1-491 

2-332 

2-812 

3-076 

3-215 

3-287 

3 - 36 i 


24 

i -437 

2-346 

2-836 

3-°94 

3-226 

3-293 

3 ' 36 i : 


00 

1-361 

2-361 

2-861 

3 -m 

3-236 

3-299 

3 - 36 i 


6 

q 

-<r 

cr> 

H 

1-335 

1-698 

1*920 

2-052 

2-126 

2*211 


8 

0-695 

1-316 

1-700 

1-929 

2- 060 

2-132 

2*211 

cs 

II 

H 

12 

0-605 

1*291 

1-703 

1-939 

2-069 

2-138 

2*211 


24 

0-469 

1-258 

1-706 

1-949 

2-077 

2-H3 

2*211 


OO 

0*211 

1*21 1 

I*7H 

1-961 

2- 086 

2-149 

2*211 


6 

0-286 

0-643 

0-822 

0*911 

o -955 

0-978 

1*000 


8 

0*204 

0 1 602 

o-8oi 

0*900 

0-950 

o -975 

I *000 

n x = 00 

T2 

0-085 

0-542 

0-771 

o-886 

o -943 

0-972 

I *ooo 


24 

O 

0-442 

0-72I 

o-86o 

0-930 

0-965 

1*000 


00 

O 

0 

0-500 

0-750 

0-875 

0-938 

I -ooo 
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Table VI. Significance of Difference between Two means 

(P. V. Sukhatme) 



6o 














Table VIi. Significance of Difference between Two Means 


Behrens’ Test — Odd degrees of freedom 


Wjl i ^2 

F 

0 ° 

r 5 ° 

30 ° 

45 ° 

6 o° 

75 ° 

90“ 

I. * 

io per cent. 

6-31375 

7-73273 

8-62474 

8-92899 

8-62474 

7-73273 

6 " 3 i 375 


5 » 

I2W0620 

15-56186 

17-35700 

17-96929 

17-35700 

15-56186 

12-7062 0 


2 

31-82052 

38-97201 

43-46763 

45-00101 

43‘46763 

38-97201 

31-82052 


I 

63-65674 

77-96326 

86-95672 

90’02423 

86-95672 

77-96326 

63-65674 

1.3 

io per cent. 

2-35336 

3 - 23 S 50 

4*I240I 

4-95809 

5-65934 

6-13872 

6 - 3 I 375 


5 

3-18245 

4-95977 

7-12269 

9-30312 

11-11208 

I 2*29429 

12-70620 


2 

4-54070 

9-52070 

16-30672 

22-64110 

27-60237 

30-74479 

31-82052 


I 

5-84091 

17-28287 

32-03669 

45-08352 

55-15098 

61-49196 

63-65674 

i. S 

io per cent. 

2-01505 

2-81232 

3-72983 

4-70125 

5-55092 

6-11690 

6 - 3 I 37 S 


5 „ 

2-57058 

4-21758 

6-63646 

9*09012 

11-04305 

12-28235 

12-70620 


3 

3-36493 

8-56288 

15-99780 

22-53854 

27-57259 

30-73989 

31-82052 


i 

4-03214 

16-59318 

31-86885 

45-03075 

55" 1 3592 

61-48950 

63-65674 

G 7 

io per cent. 

1-89458 

2-66006 

3-60383 

4-64137 

5-53302 

6-11373 

6 ‘ 3 1 375 


5 

2-36462 

3-98044 

6-54601 

9-06502 

11-03582 

12-28086 

12-70620 


2 

2-99795 

8-42578 

IS -97736 

22-53172 

27-57008 

30 - 7393 I 

31-82052 


i 

3-49948 

I 6 -S 5705 

31-86146 

45-02768 

5 S-i 347 o 

61-48922 

63-65674 

3 , 3 

io per cent. 

2-35336 

2-38618 

2-44512 

2-47143 

2-44512 

2-38618 

2-35336 


5 

3" i 8245 

3 -I 9 I 35 

3-22536 

3-24395 

3-22536 

3 -I 9 I 35 

3-18245 


2 

4-54070 

4-50128 

4-46705 

4-45965 

4-46705 

4-50128 

4-54070 


I ,, 

5-84091 

5-75394 

5-63969 

S ‘59790 

5-63969 

5-75394 

5-84091 

3 . 5 

io per cent. 

2-01505 

2-07070 

2-17274 

2-25780 

2-30968 

2-33931 

2-35336 


5 

2-57058 

2-62621 

2-75634 

2-89717 

3-02568 

3 'i 3386 

3-18245 


2 

3-36493 

3 - 4 I 493 

3 -S 95 I 6 

3-86108 

4-16752 

4-43370 

4-54070 


I 

4-03214 

4-07640 

4 - 3 I 559 

4 - 739 I 4 

5-25584 

5-68061 

5-84091 

3 , 7 

io per cent. 

1-89458 

1-95810 

2-07525 

2-18345 

2-26712 

2-32781 

2-35336 


5 

2-36462 

2-43719 

2-60042 

2-78743 

2-97188 

3-12248 

3-18245 


2 

2-99795 

3-08203 

3-33586 

3 - 70 I 43 

4-10751 

4’42422 

4-54070 


I .. 

3-49948 

3-59533 

3 W 58 I 7 

4-54802 

5-19922 

5-67297 

5-84091 

5 . 5 

io per cent. 

2-01505 

2*02391 

2-04600 

2-05747 

2 -04600 

2*0239I 

2-01505 


5 jj 

2-57058 

2-56353 

2-56237 

2-56518 

2-56237 

2-56353 

2-57058 


2 ,, 

3’36493 

3-32820 

3-27402 

3 - 2543 I 

3-27402 

3-32820 

3-36493 


I 

4-03214 

3-96770 

3-85575 

3-80866 

3-85575 

3-96770 

4-03214 

5 , 7 

io per cent. 

1-89458 

1-91182 

1*95200 

1-98705 

2*00449 

2-01136 

2-01505 



2-36462 

2-37363 

2-40968 

2-45802 

2-50521 

2-54902 

2-57058 


2 „ 

2-99795 

2-98964 

3-° io 57 

3-08317 

3-19488 

3-31251 

3-36493 


i 

3-49948 

3-47400 

3-47645 

3 ’ 57550 

3-76019 

3-95209 

4-03214 

7 , 7 

io per cent. 

1-89458 

1-89902 

1-91113 

1-91788 

1-91113 

1-89902 

1-89458 


S .. 

2-36462 

2-35807 

2-35215 

2-35161 

2 ' 352 i 5 

2-35807 

2-36462 


2 „ 

2-99795 

2 -Q 7 IIQ 

2-92662 

2-90869 

2-92662 

2-97119 

2-99795 


i .. 

3-49948 

3-45397 

3-36875 

3 - 33 0 7 i 

3-36875 

3-45397 

3-49948 
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Table VI2. Significance of Difference between Two Means 
One component of error distributed normally, the other in Student’s distribution 


p 

/1 2 

o“M 

10° 

20° 

30° 

4 °° 

5o° 

6 o° 

70 ° 

So° 

9 °°( A ) 


IO 

I'8l2 

i- 808 

1-794 

i -774 

1-749 

1-721 

1-693 

1-668 

1-651 

1-645 


12 

1-782 

1-778 

1-767 

i- 75 i 

1-730 

1-707 

1-684 

1-664 

1-650 

1-645 


15 

i '753 

1-750 

1-741 

1-728 

1-711 

1-693 

1-675 

1-659 

1-649 

1-645 

10 per cent. 

20 

1-725 

1-722 

1-716 

1-706 

1-694 

i- 680 

1-667 

1-656 

1-648 

1-645 


30 

1-697 

1-696 

1-692 

1-685 

1-677 

.1-668 

1-659 

1-652 

1-647 

1-645 


60 

1-671 

1-670 

1-668 

1-665 

i- 661 

1-656 

1-652 

1-648 

x- 646 

1-645 


00 

1-645 

1-645 

i -645 

1-645 

1-645 

1-645 

1-645 

1-645 

I-645 

1-645 


10 

2-228 

2*2I9 

2-194 

2-157 

2* 1 12 

2- 066 

2*024 

1-989 

1-967 

I - 960 


12 

2-179 

2*I7I 

2-151 

2* 120 

2-083 

2-046 

2*011 

1-984 

I- 966 

1- 960 


IS 

2-131 

2-126 

2* I09 

2-085 

2-056 

2-026 

i -999 

i-978 

1-965 

1-960 

5 per cent. 

20 

2-086 

2-082 

2-069 

2-051 

2*030 

2-008 

1-989 

1-973 

1-963 

1-960 


30 

2'042 

2-039 

2-031 

2*019 

2-005 

I- 99 I 

1-978 

1-968 

I- 962 

1-960 


60 

2*000 

1-999 

1-995 

1-989 

i- 982 

1-975 

1-969 

1-964 

I- 961 

1-960 


00 

1-960 

1-960 

1-960 

1-960 

1-960 

1-960 

i- 960 

1-960 

1-960 

1-960 


IO 

2-764 

2-748 

2-704 

2-637 

2-559 

2-481 

2-414 

2-364 

2-335 

2-326 


12 

2-681 

2-668 

2-631 

2-576 

2-513 

2-450 

2-396 

2‘356 

2-334 

2*326 


is 

2* 602 

2-592 

2-563 

2-520 

2*470 

2*421 

2-379 

2-349 

2-332 

2-326 

2 per cent. 

20 

2-528 

2-520 

2-498 

2-466 

2-430 

2-394 

2-364 

2-343 

2-330 

2-326 


30 

2-457 

2-452 

2-438 

2-417 

2-393 

2-370 

2 - 35 i 

2-337 

2-329 

2-326 


60 

2-390 

2-388 

2-380 

2-370 

2-358 

2-347 

2-338 

2 - 33 i 

2-328 

2-326 


00 

2-326 

2-326 

2-326 

2-326 

2-326 

2-326 

2-326 

2-326 

2-326 

2-326 


IO 

3-169 

3-148 

3-086 

2-993 

2-883 

2-775 

2- 684 

2-620 

2-586 

2-576 


12 

3 "°SS 

3-037 

2-985 

2’909 

2-820 

2-733 

2- 66l 

2-611 

2-584 

2-576 


is 

2-947 

2-932 

2-893 

2-831 

2- 762 

2-695 

2- 640 

2-603 

2-582 

2-576 

1 per cent. 

20 

2-845 

2-835 

2-804 

2-760 

2* 709 

2- 66l 

2-622 

z -595 

2-580 

2-576 


30 

2-750 

2-743 

2-723 

2-693 

2- 66l 

2-630 

2-605 

2-588 

2-579 

2-576 


60 

2- 660 

2-657 

2-647 

2-632 

2-616 

2- 601 

2-590 

2-582 

2-577 

2-576 


00 

2-576 

2-576 

2-576 

2-576 

2-576 

2-576 

2-576 

2-576 

2-576 
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IO 

3 -S 8 l 

3-553 

3'473 

3 - 35 ° 

3-203 

3'058 

2-939 

2-859 

2-8x8 

2-807 


12 

3 - 4 2 9 

3-405 

3-338 

3-237 

3-119 

3-003 

2*910 

2* 848 

2-8x6 

2-807 


15 

3-286 

3-267 

3-214 

3-134 

3‘ 042 

2-954 

2-884 

2-838 

2-814 

2-807 

o- 5 per cent. 

20 

3 -IS 3 

3 -i 39 

3'°99 

3-040 

2-974 

2*911 

2- 86l 

2-829 

2- 812 

2-807 


3 ° 

3 - 03 O 

3-020 

2-994 

2-955 

2*912 

2-872 

2-841 

2-821 

2- 810 

2-807 


60 

2-915 

2*910 

2-897 

2-878 

2-857 

2-838 

2-823 

2-814 

2-809 

2-807 


co 

2-807 

2-807 

2-807 

2-807 

2- 807 

2-807 

2-8o7 

2-807 

2-807 

2-807 


ro 

4-144 

4- 106 

3'999 

3-832 

3-630 

3-425 

3-259 

3-152 

3-103 

3-090 


12 

3-930 

3-898 

3-809 

3-671 

3-508 

3'347 

3-219 

3-138 

3-100 

3 '° 9 ° 


IS 

3-733 

3-708 

3-636 

3-528 

3-401 

3-280 

3 -I 85 

3-126 

3-098 

3-090 

0- 2 per cent. 

20 

3 - 5 S 2 

3'533 

3'479 

3'399 

3-308 

3*222 

3 -I 56 

3-116 

3-096 

3-090 


3 ° 

3-386 

3-372 

3-336 

3-284 

3-226 

3-172 

3 -I 3 I 

3-106 

3-094 

3-090 


60 

3-232 

3-225 

3-207 

3-181 

3-153 

3-128 

3-II0 

3-098 

3-092 

3-090 


00 

3-090 

3-090 

3-090 

3-090 

3-090 

3-090 

3-090 

3-090 

3-090 

3-090 
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The Correlation Coefficient 

Table VII. Values of the Correlation Coefficient for Different Levels of Significance 
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■°5 

•02 
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• oox 


71 
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•05 

• 02 

*OI 

•001 

1 

•98769 

•99692 

■99950' 

■999877 -9999988 

16 

•4000 

•4683 

■5425 

•5897 

•7084 

2 

■ 90000 

•95000 

•98000 

•990000 *99900 

17 

■3887 

■4555 

•5285 

■5751 

•6932 

3 

•8054 

■8783 

•93433 

■95873 

•99116 

18 

•3783 

•4438 

•5155 

■5614 

■6787 

4 

•7293 

•8114 

• 8822 

•91720 

•97406 

19 

•3687 

•4329 

•5034 

•5487 

-6652 

5 

• 6694 

‘7545 

■8329 

•8745 

■95074 

20 

■3598 

•4227 

•4921 

•5368 

■6524 

6 

•6215 

• 7067 

•7887 

•8343 

•92493 

25 

•3233 

•3809 

•4451 

•4869 

•5974 

7 

•5822 

•6664 

■7498 

•7977 

•8982 


3 ° 

■ 2960 

■3494 

•4093 

•4487 

•5541 

8 

■5494 

•6319 

■ 7 i 55 

•7646 

■ 8721 


35 

•2746 

•3246 

•3810 

•4x82 

•5189 

9 

•5214 

•6021 

■6851 

•7348 

• 8471 


40 

■2573 

■ 3°44 

■3578 

•3932 

•4896 

10 

•4973 

•5760 

•6581 

• 7079 

•8233 


45 

■ 2428 

•2875 

■3384 

■3721 

■4648 

1 1 

•4762 

■S529 

■ 6339 

•6835 

•8010 


5 ° 

• 2306 

■ 2732 

•3218 

• 354 i 

•4433 

12 

"4575 

•S324 

• 6120 

■66 14 

* 7800 

60 

• 210E 

•2500 

• 2948 

■3248 

•4078 

13 

■4409 

■S139 

•S923 

■6411 

•7603 


70 

■1954 

■2319 

•2737 

• 3 OI 7 

■3799 

14 

■4259 

■4973 

•5742 

•6226 

•7420 

80 

• 1829 

•2x72 

■2565 

•2830 

•3568 

IS 

■4124 

•4821 

•5577 

■ 6o 5 S 

■7246 

90 

■1726 
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■2422 

•2673 

•3375 
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■1946 

■2301 

•2540 . 

•3211 




Table VII i. 

Transformation of r to 

z 
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Mean 

* 

•OO 

• 01 

• 02 

■°3 

•04 

■ Q 


06 

■ 07 

•oS 

■09 

Diff. 

■ 0 

• 0000 

•0100 

• 0200 

•0300 

•0400 

•0500 -0599 
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0798 

•0898 

xoo 

- 1 

•0997 
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•1194 

■1293 

•1391 

•1489 -i 

586 • 

1684 

1781 

•1877 

98 

• 2 
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• 2070 

•2165 

■2260 

•2355 

■2449 -2543 

2636 

2729 

•2821 

94 

■3 

■2913 

•3004 

•3095 

•3185 

•3275 

•3364 ‘3452 -3540 

3627 

■3714 

89 

•4 

•3800 

■388s 

•3969 

■4053 

•4136 

•4219 -4301 

4382 

4462 

■4542 

82 

•s 

•4621 

•4699 

•4777 

■4854 

•4930 

* 5 O0 5 - 5 ° 8 o *5154 

5227 

• 5 2 99 

75 

•6 

’ 537 ° 

■ 5441 

• 55 ii 

■5580 

•5649 

• 57 i 7 -5784 

585° 

5915 

•5980 

68 

•7 

■ 6044 

- 6107 

•6169 

•6231 

■6291 

•6351 -6411 

6469 

6527 

•6584 

60 

•8 

•6640 

• 6696 

•6751 

•6805 

•6858 

•6911 -6963 

7014 

7064 

• 7 ii 4 

53 

•9 

•7163 

•7211 

■7259 

•7306 

•7352 

•7398 -7443 

7487 

■7531 

•7574 

46 

i-o 

■ 7616 

• 7658 

• 7699 

•7739 

•7779 

-7818 -7857 

7895 

•7932 

■7969 

39 

i- 1 

•8005 

• 8041 

• 8076 

• 8110 

•8144 

•8178 -8210 

8243 

•8275 

•8306 

33 

i- 2 

■8337 

• 8367 

•8397 

•8426 

■8455 

•8483 -8511 

8538 

■8565 

•8591 

28 

i ’3 

■ 8617 

■ 8643 

•8668 

• 8692 

•8717 

•8741 -8764 

8787 

• 8810 

•8832 

24 

i -4 

■8854 

•8875 

•8896 

•8917 

■8937 

•8957 -8977 

8996 

•9015 

■9033 

20 

i '5 

■9051 

■ 9069 

•9087 

•9104 

•9121 

•9138 -9154 

9 J 7 0 

■9186 

■ 9201 

17 

i' 6 

■9217 

•9232 

•9246 

•9261 

•927S 

•9289 -9302 

9316 

•9329 

■9341 

14 

i '7 

•9354 

•9366 

■9379 

• 939 i 

•9402 

•9414 -9425 *9436 

•9447 

■ 945 8 

12 

i-8 

•94681 

■94783 

•94884 

•94983 

■95080 

•951-75 -95268 

95359 

• 95449 

•95537 

95 

1-9 

•95624 

•95709 

•95792 

■95873 

•95953 

•96032 -96109 

96185 

•96259 

•96331 

79 

2-0 

■ 96403 

•96473 

•96541 

•96609 

•96675 

•96739 -96803 

96865 

•96926 

■ 96986 

65 

2 - I 

■97045 

•97103 

■97159 

■97215 

•97269 

•97323 '97375 

97426 

■97477 

■97526 

53 

2 ' 2 

’97574 

• 97622 

• 97668 

■97714 

•97759 

■97803 -97846 

97888 

-97929 

•97970 

44 

2'3 

• 98010 

• 98049 

■ 98087 

■98124 

• 98161 

•98197 -98233 

98267 

•98301 

• 9 8 335 

36 

2-4 

•98367 

•98399 

■98431 

■ 98462 

■98492 

•98522 -98551 

98579 

•98607 

•98635 

3 ° 

2* 5 

• 98661 

■98688 

■98714 

•98739 

•9S764 

•98788 -98812 

9 88 35 

•98858 

•98881 

24 

2-6 

•98903 

• 98924 

•98945 

• 98966 

•98987 

■99007 -99026 

99045 

•99064 

•99083 

20 

2-7 

■ 99101 

■ 99118 

■99136 

■991S3 

•99170 

■99186 -99202 

99218 

•99233 

■ 99248 

16 

2- 8 

•99263 

•99278 

• 99292 

• 99306 

■99320 

'99333 ' 99346 

99359 

•99372 

■99384 

13 

2-9 

•99396 

• 99408 

■ 99420 

• 9943 i 

■ 99443 

•99454 -99464 

99475 

■99485 

■99495 

1 1 


•0 

• I 

• 2 

*3 

■4 

• 


•6 

•7 

•8 

■9 


3 

* 995°5 

’99595 

• 99668 

•99728 

•99777 

•99818 • 99851 

99878 

• 99900 

•99918 

— 

4 

•99933 

• 99945 

■99955 

•99963 

.99970 

•99975 -99980 

99983 

•99986 

•99989 

— 


For notes see foot of page 64 overleaf. 

6 3 



Table VIII. Tests of Significance for 2x2 Contingency Tables 


Calculate x c , the square root of x 2 corrected for continuity (Fisher, Statistical Methods , 21.01). Determine 

the smallest expectation 

m = the smallest expectation of any class, and p - total’ 

The table gives the 2- s and o- 5 per cent, points of x„ for each tail separately, these being different for the 
two tails except when p = 0-5. The observed set of values will lie on the longer tail if the observed number 
in the cell with smallest expectation is greater than expectation. 

Since three of the four marginal totals are independent their values are not completely determined by 
m and p. For a given m and p there is a whole set of contingency distributions, and a corresponding set of 
values of x„ for each level of significance. The variation of these x c is. however, small. The table gives the 
greatest and least values, i.e. those for the binomial distribution (Roman type), and the limiting contingency 
distribution (black type). When/ = o there is only one value, this being derived from the Poisson distribution. 

The table sho uld always be used in place of the ordinary x 2 table when m is less than 10. Even with 
Values of m as great as 100 the gain in precision is appreciable when p is small and the interest centres in the 
probability of a single tail (i.e. deviations in one direction only). The correction for continuity should be 
used when m is less than 500. 

In regions of the table where no values are given, and to determine the exact probability in doubtful cases, 
the exact solution (on which this table is based) must be used (Fisher, Statistical Methods , 21.02). 

The table can be used for testing the deviation of a sample of a binomial distribution with known p. 
Remember to include the contributions to x 2 from both classes when calculating x„- 




I 

2 

3 

4 

S 

6 

8 

I 2 

24 

48 

96 

p = ■ 025 

* 

O 

... 



r-68 

I' 71 

1-74 

1-77 

i-8i 

i-86 

i' 89 

1-91 

Shorter tail 


0-25 

,,, 


i ' 73 

i ' 77 

i-8o 

1-82 

1-84 

1-87 

I* 90 

X*9I 

i '93 




... 

... 

i' 83 

*-8S 

i-86 

1-87 

1-89 

1*90 

1*92 

194 

i '94 



°'5 

... 

. . . 

i-88 

1*90 

1-91 

1*92 

i '93 

11 94 

i' 9 S 

i'96 

I' 96 




... 

1-91 

2 " 93 

*' 94 

1-94 

1-94 

I- 95 

95 

I- 95 

U96 

1-96 

Longer tail 

, 

o- 25 

2* IO 

2- 08 

2-07 

2 • 06 

2-06 

2- OS 

2’ 04 

2*02 

2*01 

2*00 

1-99 




2* 04 

2- 03 

2* 02 

2*02 

2*01 

Z*OI 

2 * OO 

i- 99 

199 

1-98 

1-97 



O 

2 ' 3 2 

2’ 24 

2‘ 19 

2- 16 

2-14 

2-13 

2* I I 

2- 08 

2-05 

2-03 

2*01 

TJ 

II 

6 

0 

• 

O 



... 


2 - o6 

2-13 

2* 19 

2* 27 

2'37 

2'43 

2-48 

Shorter tail 


C'25 




2- 18 

2-23 

2*27 

2-32 

2-38 

2-45 

2-49 

2-52 




... 



23Z 

Z' 36 

2-38 

2*42 

2-46 

z'5° 

Z' 5 Z 

z'54 



°‘S 

... 



2-41 

2-44 

2-47 

2-50 

2-52 

2 -55 

2- 5 6 

2 ' 5 7 




... 


2- 48 

2‘SO 

2'SZ 

2 ' 53 

z-54 

2- 55 

2' 36 

2' 57 

z-57 

Longer tail 


0-25 

2' 79 

2' 79 

2'78 

2-76 

2 '75 

z '73 

2- 72 

2* 70 

2-67 

2-64 

2' 63 




2* 67 

2- 67 

2-67 

2‘ 67 

2' 66 

2 1 66 

2’ 6g 

2-64 

2-63 

2'6z 

2' 60 



0 

3’33 

3-13 

3 ' OS 

2'97 

2'95 

2*92 

2-88 

2-83 

2- 7 6 

2-70 

2-67 


Notes on Tables VII and VII x 

For a total correlation, n is 2 less than the number of pairs in the sample; for a partial correlation, the number 
of eliminated variates also should be subtracted. The probability given at the head of each column of Table VII represents the 
chance that r will be greater than the values given or less than minus these values. 

Table VIIi gives the transformation r = (e %z — i )l(e 2 ‘ + 1 ) °r * = £{log B (i+r)— log e (i— ?*)}. With n defined as above z is 
istributed approximately normally with variance i/(«— i). For exact work correct for bias in % by subtracting from t. 

(See also Table XI, which is the inverse of Table VIIi, with p = £(r- j- i),) 
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Table VIII i. Binomial and Poisson Distributions: Limits of the Expectation 

(Based on W, L. Stevens) 
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I2*I9 


3 ° 

* 2 

1-63 

2 ‘ 3 I 

3-26 

9.74 

u -57 

13-28 


60 

•I 

i-58 

2-26 

3- 20 

10*14 

12-30 

14-44 


CO 

0 

i ’54 

2*20 

3 'iS 

i °-53 

13-06 

15-66 

7 

14 

‘5 

2'4I 

3' 2 3 

4' 26 

9' 74 

io -77 

n-59 



•4 

2'32 

3-12 

4 ‘i 7 

10-15 

11-48 

12-61 



■3 

2*24 

3'°3 

4-09 

10-56 

I2'20 

13-67 


35 

•2 

2' l6 

2'95 

4*02 

10-97 

12-93 

14-77 


7° 

•I 

2*10 

2-88 

3-96 

ii '37 

13-67 

15-92 


CO 

O 

2*04 

2 -8 i 

3-89 

n -77 

14-42 

17-13 



P = 

Probability Pof a or more 

Probability P of a 

or fewer | 

a 

a\N 

-005 

•025 

•I 

■I 

•025 

■005 

8 

■5 

3-04 

3' 94 

5 ' 09 

io’9i 

1 2- 06 

12-96 ■ 


■4 

2-92 

3-82 

4-98 


12-79 

14*02 


'3 

2-82 

3-72 

4-89 

n -77 

I 3-52 

15-10 


• 2 

2 -73 

3-62 

4- So 

12- l8 

14-26 

16* 22 


* I 

2-65 

3’53 

4-73 

12-59 

15-01 

17 37 


O 

2-57 

3'45 

4-66 

12-99 

IS -76 

18-58 

9 

•5 

3-68 

4-68 

5-92 

12-08 

IT 32 

14-32 


■4 

3-55 

4-54 

5-80 

12-52 

14-07 

1540 


•3 

3-43 

4-42 

5 ' 7 ° 

12-96 

14-82 

16-50 


* 2 

3-32 

4 - 3 i 

5-60 

13-38 

I 5-57 

17-63 


’ I 

3-22 

4-21 

5 - 5 i 

13-79 

1 6- 32 

i8-8o 


O 

3-13 

4-12 

5 - 43 

14-21 

17-08 

20*00 

IO 

•5 

4-35 

5-44 

6- 76 

13-24 

14-56 

15-65 


-4 

4*20 

5-2S 

6-63 

13-69 

15-33 

16-76 


-3 

4-06 

5-14 

6-51 

14-13 

i6- 10 

17-88 


‘ 2 

3-93 

5-02 

6-41 

14-56 

16-86 

I9-02 


*1 

3-S2 

4-90 

6-31 

14-99 

17-62 

20*20 


0 

3‘7 2 

4-80 

6-22 

15-41 

18-39 

2 I ”40 

9 

•5 

+0-14 

— 0-16 

—0-36 

4-0-36 

-fo- 16 

—0*14 


•4 

+0-53 

1 0 

— 0* 22 

4-0-55 4-0-52 4-0-41 


■3 

+0-89 

4 - 0-34 

—0-09 

”f* 0* 74 9® * * 04 


*2 

+1-23 

+0-57 

4-0-04 

4-0-94 4-1-31 

4 - 1-72 


‘ I 

+I -55 

4-0-79 

-fo- 16 

+ 1-15 

+I -74 

4 - 2-47 


O 

+i’86 

-fx-oo 

4-0-28 

4 -I -36 4 - 2-20 

4-3-27 

l6 

•5 

—0*02 

—0-25 

— 0*40 

4 - 0-40 4 - 0-25 

4-0-02 


•4 

+0-40 

4-0-02 

— -o- 26 

-[-0-58 -fo- 60 

4-0-57 


•3 

+0-79 

+0-28 

— 0- 12 

4-0-76 4-0-96 

-|-i- 16 


* 2 

+1-17 

4-0-52 

-f-o- 01 

4-0-94 -)-i -34 

4-i-8o 


* I 

+1-52 

4-0-76 

4-0-14 

+1-13 

+I -73 

4 - 2-47 


0 

+1-87 

4-0-99 

4-0-26 

4-1-33 4-2-14 

4-3-iS 

36 

■5 

— o-x8 

-o -34 

-0-44 

4-0-44 4 - 0-34 

4-0- 18 


■4 

~)-0-26 

— 0-06 

— 0*29 

-(-0-60 4-0-67 

4-0-72 


■3 

4-0-68 

4-0-21 

-0-15 

4-0-77 

-f-l-oi 

4-1-28 


• 2 

4-1-09 

4 - 0-47 

— 0*02 

4-0-94 4-1-36 

i* 


‘ I 

4-1-49 

+o -73 

-(-0* 12 

+ 1-11 

4-I-7I 

4-2-46 


0 

4-1-88 

4-0-97 

4-0-25 

4-1-29 4-2-08 

4-3-08 

144 

'5 

- 0-35 

— 0-43 

—0-47 

4 - 0-47 

+ 0-43 

+ 0-35 

1 

•4 

4-0-12 

— 0‘14 

- 0-33 

4-0-63 -t-0-73 4-0-86 


•3 

4 - 0-57 

+0-14 

— 0-18 

4-0-78 

4-1-05 4 - 1-37 


* 2 

4-i'oi 

+0-42 

— 0-04 

4-0-94 4-1-37 +1-90 


’ I 

4 - 1-45 

4-o- 69 

-fo-09 

— (— 1'09 +i'69 *-{-2*44 


0 

4-1-88 

4-0-96 

4-0-23 

4 - 1-25 4 - 2 -OI 

4-2-98 

; CO 

-5 

—0-50 

—0-50 

—0-50 

4 - 0-50 4 - 0-50 4 - 0-50 


■4 

— 0'02 

—0-21 

—0-36 

4 - 0-64 4 - 0-79 4- 0, 98 


•3 

+0-45 

4-0-08 

— 0*21 

4 - 0-79 -j-i’ 08 4-1-45 


■ 2 

4 -o -93 

-i-o -37 

— 0-07 

4-0-93 4 - 1-37 +I -93 


* I 

4-1-40 

-fo-66 

4-0-07 

4-1-07 4-1-66 4-2-40 


0 

4-1-88 

+0-95 

— j— 0" 2 I 

4-1-21 

4-1-95 4-2-88 


To obtain the limits of the probability of an event (observed to 
occur a times out of N ) corresponding to a given probability' level P, 
divide the tabulated values by N , first interpolating if necessary by 
linear interpolation with reference to f = a\N. The limits of the 
expectation of Poisson distributions are given directly, taking p = o. 
For enter the table with a' = N—a, For 10 add the 

tabulated corrections to the limits of the expectation calculated from 
the standard error using asymptotic interpolation on 

12 /V<n 
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y 

7 -o 

6 -o 

5 '° 

4-5 

4-0 

3‘5 
3 '° 
2 ' 5 

2 ’ O 

i -8 

i '6 

i '4 

1-2 

1-0 

o-8 

o-6 

°'4 


Table VIII2. Densities of Organisms Estimated by the Dilution Mt,-t 

(W. L. Stevens) H0D 

I'our-f old 


Two-fold 


Number of Levels (s). 
6789 


10 


II or 
more 


0-4 

■757 

■773 

■781 

■785 

■787 

■788 

‘ 7*9 

o- 6 

• 622 

■ 640 

•649 

’653 

■655 

-656 

'657 

o-S 

•537 

■556 

•566 

• 57 i 

•573 '574 

•575 

i-o 

•479 

•500 

'Sii 

•516 

• 5 r8 

•520 

•520 

1-2 

•437 

•461 

•472 

•478 

•480 -482 

•482 

i ‘4 

•406 

■432 

•444 

• 45 ° 

'453 

'455 

• 45 f > 

i-6 

•381 

■411 

•424 

' 43 1 

'435 ' 43 d 

•437 

1-8 

•361 

•394 

•410 

•417 

•421 

•423 

•424 

2-0 

•344 

•382 

■399 

•408 

■412 - 4 i 4 

'415 

2 - 5 

3- 0 

3‘ 5 

4- 0 

4-5 

5 '° 


•358 

■382 

•370 

•394 

•386 

•379 

'399 ‘ 4°2 
•394 ' 39 s 
‘ 39 ° '396 

•386 -394 

' 39 ° 

‘ 4°3 

■400 

■399 

•397 

•396 

•394 


■386 


'394 
'39° '39° 




• 37 ° 

•379 

'379 

•379 

•379 


•358 

•370 

' 37 ° 

•37° 

' 37 ° 


' 35 <S 

•356 

•356 

•356 

' 35(5 

’344 

■334 

'334 

'334 

'334 

■354 

•334 

•327 

•323 

'323 

■323 

•323 

•323 

' 3 2 3 

' 3 1 * 

• 3°9 

-309 

• 3°9 

" 3°9 

" 3°9 

‘ 3°9 

•293 

•292 

•292 

‘ 292 

•292 

• 292 

•292 

■ 271 

•271 

■271 

•271 

■271 

■271 

■271 

•245 

•245 

■245 

■245 

’ 2 45 

•245 

’ 2 45 

■212 

•212 

■212 

■212 

■212 

•212 

' 212 

■ 167 

■ 167 

•167 

’ 167 

’ 167 

■ 167 

•167 

1 101 

• IOI 

■101 

• IOI 

■ IOI 

•lot 

■ IOI 


•521 

'483 

• 45 f) 

' 43 « 

•425 

•416 

• 4 °S 

■402 

■401 

•401 

•401 

•401 

•401* 

•399 

'397 

•394 

•390 

■386 

•379 

' 37 o 

• 35 C 

•334 

■323 

•309 

•292 

•271 

■245 

•212 
• 167 
■ ior 


Ten-fold ( Three or more levels ) 


1 

X 

<1 


X 

K 

X 

JC 

l y 



*0 

•763 

•O 



• I 

■ 768 

•9 



‘2 

•768 

•8 


"] 6 i 

■3 

■ 760 

•7 

0-4 

•4 

'747 

■6 

°’5 

•740 

'5 

'7 36 

'5 

o-6 

•733 

•6 

•733 

'4 

0-7 

•736 

'7 

■736 

•3 

o*8 

'744 

■8 

'744 

’ 2 

0-9 

'753 

■9 

'753 

’ I 

I’O 

'7 63 

*0 

■763 

*o 


K 

•761 

■766 

•764 

'755 

■741 

■729 

■724 

•726 

■732 

'739 

'744 


J' 

X 

y 

2*0 

| ’744 

T’O 

1*9 

'744 

°*9 

i-8 

'734 

o-8 

i *7 

■712 

0-7 

i-6 

■684 

o-6 

i *5 

■658 

O ’ 5 

1*4 

■G38 

o *4 

J, 3 



1*2 



X* X 



1-0 




°'4 

O’fi 

o-8 

I'O 

I ' 5 
2-0 
2' 5 


y 

3' 5 
3'o 

2 'S 

2'0 

i *5 

J'O 

O'S 
o -6 
o' 4 


Number of Levels 

4 

5 

{3 or 
more 

■704 

•706 

•707 

■ f> 1 5 

•617 

•618 

•57 3 

• 57 C) 

'577 

•555 

•558 

•559 

'545 

•551 

•553 

■537 

•548 

'SSI 


•545 

■552 


' 552 * 

• 55 ° 

■S 4 « 



'545 

’545 

•537 

■537 

'537 

■522 

■522 

•522 

■4S8 

•488 

•488 

■464 

' 464 

•464 

• 43 i 

• 43 i 

■ 43 i 

•3 75 

'375 

'375 


"S”: fjr 

ponding V U« 

fi»S n * * f *» -»•*!» tfc 

number a r,f ' ^ 1 hc cstlmate of the 

number A , of organisms in the quantity of 

variance of thcmenn fertile level is ^ 2 , 

and the average value of the variance" of 

l0g A is ~ lo ff 2 lo S * (sec Introduction). 
Thus : 

Two-fold 

^££3 = o p 30103 x—K 

T( x ) = i/?i 

T(lo g A) =0-091 /n 

= 0-60206 x—/l 
K&l — 1/2 n 

A) = o-2oi jn 


Four-fold 


Ten-fold 


or v only. 
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fog A = x—J£ 
T(x) = 0 . 301 j n 



Table VI II 3. Significance of Leading Periodic Components 


11 

5 

per cent. 

1 

per cent, 

n 

5 

per cent. 

1 

per cent. 

n 

5 

per cent. 

1 

per cent. 

5 

■6S377 

^4” 

r- 

co 

CO 

20 

•27040 

■32971 

35 

■I 75 I 3 

■21338 

6 

•61615 

•72179 

21 

•26060 

‘31783 

36 

■17124 

• 20860 

7 

■56115 

•66440 

22 

•25155 

■30683 

37 

•16754 

• 20405 

8 

‘S1S69 

•61517 

23 

■24315 

•29661 

38 

•16400 

■19970 

9 

•47749 

•57271 

24 

■23534 

•28709 

39 

■ 16062 

•19554 

10 

‘44495 

■53584 

25 

*22805 

•27819 

40 

•15738 

■19156 

11 


•50357 

26 

• 22123 

•26986 

4 i 

•15429 

■ 18776 

12 

•39240 

•47510 

27 

■21483 

•26205 

42 

•15132 

• 18411 

*3 

•37085 

•44982 

28 

•20883 

•25470 

43 

•14847 

■ 18060 

14 

■35172 

•42722 

29 

■20317 

■24778 

44 

•14573 

•17724 

iS 

■3346i 

•40689 

30 

•19784 

*24124 

45 

•14310 

•17401 

16 

•31922 

•38851 

31 

• 19280 

'23506 

46 

■14057 

■ 17089 

17 

■30529 


32 

•18803 

■22921 

47 

■13814 

• 16789 

18 

•29262 

•35655 

33 

•18351 

•22366 

48 

■13579 

■16501 

19 

■28104 

■34257 

34 

■ 17921 

■21839 

49 

•I 33 S 3 

•16222 

20 

•27040 

•32971 

35 

•I 75 I 3 

•21338 

5 ° 

•I 3 I 3 S 

‘ 1 S9S4 


Table of g ; for testing the significance of the leading periodic component of 2?*+i or 2«-f 2 consecutive 
values. Each of n periods contributes a certain fraction to the sum of squares for all » periods, and g is 
taken to be the largest of these fractions. If this exceeds the corresponding tabulated value, significani 
evidence of periodicity is indicated. 
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Transformation of the 


Table IX. Probits 

Sigmoid Dosage Mortality Curve to a Straight Line, (C. I. Bliss.) 


O'O 


°'3 


0-4 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

lo 

It 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
n 

H 

25 

26 

27 

28 
29 

3° 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 


1-9098 2 " I 2 l 8 
2-6737 2-7096 2-7429 

2 - 9463 2-9663 2-9839 

3- 1192 3-1337 3" 1:478 
3.2493 3-2608 3-2721 


2 - 2522 
2-7738 


2-3479 
2 - 8027 
3‘0046 3-0226 
3 -l 6 l 6 3-I750 
3-2831 3-2940 


3-3551 
3' 4452 
3'5242 
3-5949 
3-6592 

3-7184 

3-7735 

3-8230 

3-8736 

3-9197 


3-364 8 3-3742 
3-4536 3-46r8 
3-53i6 3-5389 
3-6016 3-6083 
3-6634 3-6715 


3-3 8 36 

3-4699 

3-5462 

3-6148 

3-6775 


3-3928 

3-4780 

3-5534 

3-6213 

3-6835 


3.7241 

3-7788 

3-8300 

3-8783 

3-9242 


3-7298 

3-7840 

3- 8 35o 

3-8830 

3-9286 


3-7354 3-7409 
3-7893 3-7943 
3-8399 3-8448 
3-8877 3-8923 
3 - 933 1 3-9375 


3- 9636 3-9678 3-9721 3-9763 

4- 0055 4-0096 4-0137 4-0178 
4-0458 4-0498 4-0537 4-OS76 
4-0846 4-0884 4-0922 4-0960 
4-I22I 4-I258 4'1295 4-I33I 


4-1584 
4-I936 
4- 2278 
4 " 2612 
4-2937 


4-1619 

4-1970 

4-2312 

4-2644 

4-2969 


4-I6S5 
4-2005 
4-2 345 
4-2677 

4-300I 


4' 1690 

4-2039 

4-2379 

4-27IO 

4-3033 


3- 9806 

4- 02l8 

4' 0615 
4-0998 

4-1367 

4-1726 

4-2074 

4-2412 

4-2743 

4-3065 

4 ' 3380 
4-3689 

4-3992 

4-4290 

4-4583 


4-3255 4-3z87 4-33I8 4-3349 
4-3567 4-3597 4-3628 4-3659 
4-3872 4-3902 4'3932 4-3962 
4-4172 4-4201 4-4231 4-4260 
4-4466 4-4495 4-4524 4-4554 
4-4756 4-4785 4-4813 4-4842 4-4871 
4-5041 4-5070 4-5098 4-5126 4-5I55 
4-5323 4-5351 4-5379 4-5407 4-5435 
4-5601 4-5628 4-5656 4-5684 4-57ii 
4-5875 4-5903 4-5930 4-5957 4'5984 

4-6147 4-6174 4-6201 4-6228 4-6255 
4-6415 4-6442 4-6469 4-6495 4-6522 
4-6681 4-6708 4-6734 4-6761 4-6787 
4-6945 4-697 1 4-6998 4-7024 4-7050 
4-7207 4-7233 4-7259 4-7285 4'73H 


4' 7467 
4-7725 
4-7981 
4-8236 
4-8490 

4'8743 

4-8996 

4-9247 

4-9498 

4-9749 


4- 7492 

4-775° 
4- 8007 
4-8262 
4-8516 


4-75i8 

4-7776 

4-8032 

4-8287 

4-854I 


4' 7544 
4- 7802 
4-8058 

4-8313 

4-8566 


4-8769 4-8794 4-8819 
4-9021 4-9046 4-9071 
4-9272 4-9298 4-9323 
4-9524 4-9549 4-9574 
4' 9774 4' 9799 4-9825 


4-757o 

4-7827 

4-8083 

4-8338 

4-8592 

4-8844 

4-9096 

4-9348 

4-9599 

4-9850 


o-5 

0*6 

0-7 

o-8 

0-9 ] 

I 

2 

3 

4 

5 

2-4242 

2-4879 

2-5427 

2-59H 

2-6344 






2-8299 

2-8556 

2-8799 

2-9031 

2-9251 

For 

vai 





3- 0400 
3-1881 

3-0569 
3- 2009 

3-0732 

3-2134 

3-0890 

3-2256 

3-1043 

3-2376 

more detail see 
lues for 95-100. 

3.3046 

3-3151 

3-3253 

3-3354 

3-3454 






3-4018 

3-4107 

3-4!95 

3-4282 

3-4368 

9 

18 

27 

36 

45 

3-4859 

3-4937 

3"5 OI 5 

3-509I 

3-5i67 

8 

16 

24 

32 

40 

3-5605 

3-5675 

3-5745 

3-5813 

3-5882 

7 

14 

21 

28 

36 

3- 6278 

3-6342 

3‘ 6405 

3-6468 

3-653I 

6 

13 

19 

26 

32 

3-6894 

3-6953 

3-7012 

3-7070 

3-7I27 

6 

12 

18 

24 

3° 

3-7464 

3-7SI9 

3-7574 

3-7628 

3-7681 

6 

11 

17 

22 

28 

3 - 7996 

3-8048 

3-8099 

3-8150 

3-8200 

5 

10 

16 

21 

26 

3-8497 

3-8545 

3-8S93 

3-8641 

3-8689 

5 

ID 

15 

20 

24 

3-8969 

3'9oi5 

3-9061 

3.9107 

.r9i52 

5 

9 

14 

18 

23 

3-94I9 

3-9463 

3-9506 

3-955° 

3 - 9593 

4 

9 

13 

l8 

22 

3-9848 

3-9890 

3-993I 

3-9973 

4-0014 

4 

8 

13 

17 

21 

4-0259 

4*0299 

4-o339 

4-0379 

4*0419 

4 

8 

12 

l6 

20 

4-0654 

4-0693 

4-0731 

4-0770 

4-0808 

4 

8 

12 

16 

19 

4" I0 35 

4-1073 

4-1110 

4-H47 

4-1184 

4 

8 

11 

15 

19 

4‘ 1404 

4' 1440 

4- 1476 

4-1512 

4-I548 

4 

7 

11 

15 

18 

4- 1761 

4-1796 

4-1831 

4- 1866 

4-1901 

4 

7 

1 1 

14 

18 

4-2108 

4-2142 

4-2176 

4-2210 

4-2244 

3 

7 

10 

14 

17 

4-2446 

4-2479 

4-2512 

4-2546 

4-2579 

3 

7 

10 

13 

17 

4-2775 

4- 2808 

4- 2840 

4-2872 

4- 2905 

3 

7 

10 

13 

16 

4-3097 

4-3129 

4-3160 

4-3192 

4-3224 

3 

6 

10 

13 

16 

4-3412 

4-3443 

4-3474 

4-3505 

4-3536 

3 

6 

9 

12 

16 

4-3720 

4-375° 

4-378i 

4-3811 

4-3842 

3 

6 

9 

12 

15 

4-4022 

4-4052 

4-4082 

4-4112 

4-4I42 

3 

6 

9 

12 

15 

4-43I9 

4-4349 

4-4378 

4-4408 

4-4437 

3 

6 

9 

12 

15 

4-4612 

4-4641 

4-4670 

4-4698 

4-4727 

3 

6 

9 

12 

14 

4-4899 

4-4928 

4-4956 

4-4985 

4-5oi3 

3 

6 

9 

II 

14 

4-5183 

4-5211 

4' 5239 

4-5267 

4-S295 

3 

6 

8 

II 

14 

4-5462 

4-549° 

4-55i8 

4-5546 

4-5573 

3 

6 

8 

II 

14 

4-5739 

4-5766 

4-5793 

4-5821 

4-5848 

3 

5 

8 

II 

14 

4-6011 

4-6039 

4- 6066 

4-6093 

4-6120 

3 

5 

8 

II 

14 

4-6281 

4-6308 

4-6335 

4-6362 

4-6389 

3 

5 

8 

II 

13 

4-6549 

4'6575 

4-6602 

4-6628 

4-6655 

3 

5 

8 

II 

13 

4-6814 

4*6840 

4-6866 

4-6893 

4-6919 

3 

5 

8 

II 

13 

4-7076 

4-7X02 

4-7129 

4-7ISS 

4-7181 

3 

5 

8 

10 

13 

4'7337 

4-73 6 3 

4-7389 

4-74I5 

4-744! 

3 

5 

8 

IO 

13 

4-7596 

4- 7622 

4-7647 

4-7673 

4-7699 

3 

5 

8 

10 

13 

4'78S3 

4-7879 

4-7904 

4-7930 

4-7955 

3 

5 

8 

10 

13 

4-8109 

4-8I34 

4-8160 

4-8185 

4-8211 

3 

5 

8 

10 

13 

4-8363 

4-8389 

4' 8414 

4- 8440 

4-8465 

3 

5 

8 

10 

13 

4-8617 

4-8642 

4-8668 

4-8693 

4-8718 

3 

5 

8 

10 

13 

4-8870 

4-8895 

4-8920 

4 - 8945 

4-8970 

3 

5 

8 

10 

13 

1 4-9122 

4-9147 

4-9172 

4-9I97 

4-9222 

3 

5 

8 

10 

13 

1 4-9373 

4-9398 

4-9423 

4-9448 

4-9473 

3 

5 

8 

10 

13 

1 4-9624 

4-9649 

4-9674 

4-9699 

4-9724 

3 

5 

8 

10 

13 

1 4-9875 

4*9900 

4-9925 

4-9950 

4-9975 

3 

5 

8 

10 

13 

normal deviate (increased by 5 to avoid negative values) for 
Tables I and Hi). 

whicli the 


68 



Table IX. Probits — continued 


I 

O' O O’ I 

0*2 

o -3 

0-4 

o -5 

o- 6 

0-7 

o-8 

°*9 

I 

2 

3 

4 

5 

5 ° 

5' 0000 5*0025 

5-0050 

5-0075 

5*0100 

5-0125 

5-0150 

5*0175 

5’ 0201 

5-0226 

3 

5 

8 

IO 

13 

Si 

5-0251 5-0276 

5-0301 

5-0326 

5-0351 

5-0376 

5-0401 

5-0426 

5 *° 45 i 

5-0476 

3 

5 

8 

IO 

13 

52 

5-0502 5-0527 

5-0552 

5 -o 577 

5-0602 

5-0627 

5- 0652 

5-0677 

5-0702 

5-0728 

3 

5 

8 

IO 

13 

53 

5 ‘° 7 S 3 5 'o 778 

5-0803 

5-0828 

5-0853 

5-0878 

5-0904 

5-0929 

5*0954 

5*0979 

3 

5 

8 

10 

13 

54 

5-1004 5-1030 

5-1055 

5- 1080 

5-1105 

5-1130 

5-1156 

5 * n8i 

5-1206 

5 *i 23 i 

3 

5 

8 

IO 

13 

SS 

5-1257 5-1282 

5-1307 

5 -I 332 

5-1358 

5-1383 

5 ' 2408 

5*1434 

5*1459 

5-1484 

3 

5 

8 

IO 

13 

56 

5-1510 S-I 535 

5-1560 

5-1586 

5" 1611 

5 -i 637 

5- 1662 

5-1687 

5*1713 

5 -I 738 

3 

5 

8 

IO 

13 

57 

5-1764 5-1789 

5 ' 2815 

5 ‘ ! 84 ° 

5-1866 

5-1891 

5 -I 9 I 7 

5 -I 942 

5-1968 

5-1993 

3 

5 

8 

IO 

13 

58 

5-2019 5-2045 

5-2070 

5-2096 

5-2121 

5-2147 

5-2173 

5-2198 

5-2224 

5-2250 

3 

5 

8 

IO 

13 

59 

5' 2275 5-2301 

5-2327 

5-2353 

5-2378 

5-2404 

5 * 2430 

5-2456 

5-2482 

5-2508 

3 

5 

8 

IO 

13 

60 

5-2533 5-2559 

5 - 25 8 5 

5-2611 

5-2637 

5-2663 

5-2689 

5 * 27 i 5 

5*2741 

5-2767 

3 

5 

8 

IO 

13 

6l 

5-2793 5-2819 

5-2845 

5-2871 

5-2898 

5-2924 

5-295° 

5-2976 

5*3002 

5-3029 

3 

5 

8 

IO 

13 

62 

5-3055 5-3081 

5-3107 

5 - 3 I 34 

S'3 i 6o 

5-3186 

5-3213 

5*3239 

5-3266 

5-3292 

3 

5 

8 

II 

13 

<33 

5 - 33 I 9 5-3345 

5-3372 

5-3398 

5-3425 

5-3451 

5-3478 

5*3505 

5 * 353 i 

5-3558 

3 

5 

8 

II 

13 

64 

5-3585 5 - 3 < 5 ii 

5-3638 

5 - 366 S 

5-3692 

5*3719 

5*3745 

5-3772 

5*3799 

5-3826 

3 

5 

8 

II 

13 

65 

5-3853 5-3880 

5-3907 

S ‘3934 

S- 396 x 

5-3989 

5-4016 

5-4043 

5-4070 

5-4097 

3 

5 

8 

II 

14 

66 

5-41:25 5-4152 

5 - 4 I 79 

5-4207 

5-4234 

5-4261 

5-4289 

5 ' 43 l6 

5*4344 

5-4372 

3 

5 

8 

II 

14 

67 

5-4399 5-4427 

5-4454 

5-4482 

5 - 45 io 

5 - 4 S 38 

5-4565 

5-4593 

5-4621 

5'4649 

3 

6 

8 

II 

14 

68 

5-4677 5-4705 

5-4733 

5 - 476 x 

5-4789 

S- 48 i 7 

5" 4845 

S -4874 

5-4902 

5 - 493 ° 

3 

6 

8 

II 

14 

69 

5-4959 S -4987 

S- 50 X 5 

5 ‘ 5044 

5-5072 

5 ' 5 ioi 

5-5129 

5 - 5 I 58 

5 *Si 87 

5 - 52 I 5 

3 

6 

9 

II 

14 

70 

5 - 5 2 44 5-5273 

5-5302 

5 - 533 ° 

5-5359 

5-5388 

5 * 54 i 7 

5 * 5446 

5-5476 

5 - 55 o 5 

3 

6 

9 

12 

14 

7 i 

5-5534 ' 5-5563 

5-5592 

5-5622 

5 - 565 I 

5 - 568 i 

5 - 57 io 

5-5740 

S-S 769 

5'5799 

3 

6 

9 

12 

i 5 

72 

5-5828 5-5858 

5-5888 

5 - 59 I 8 

5 -S 948 

5*5978 

5-6008 

5-6038 

5-6068 

5-6098 

3 

6 

9 

12 

15 

73 

5-6128 5-6158 

5-6189 

5-6219 

5-6250 

5-6280 

5-6311 

5-6341 

5-6372 

5-6403 

3 

6 

9 

12 

IS 

74 

5-6433 5-6464 

5-6495 

5-6526 

5-6557 

5-6588 

5-6620 

5*6651 

5-6682 

5 - 67 I 3 

3 

6 

9 

12 

l6 

75 

5-6745 5-6776 

5-6808 

5-6840 

5-6871 

5-6903 

5*6935 

5-6967 

5*6999 

5-7031 

3 

6 

IO 

13 

l6 

76 

5-7063 5-7095 

5-7128 

5-7160 

5-7192 

5*7225 

5*7257 

5-7290 

5-7323 

5-7356 

3 

7 

IO 

13 

l6 

77 

5-7388 5-7421 

5 - 7454 

5-7488 

5-7521 

5-7554 

5*7588 

5*7621 

5-7655 

5-7688 

3 

7 

IO 

13 

17 

78 

5-7722 5-7756 

5-7790 

5-7824 

5 - 7858 

5-7892 

5-7926 

5*7961 

5*7995 

5-8030 

3 

7 

IO 

14 

17 

79 

5-8064 5-8099 

5 - 8 x 34 

5-8169 

5-8204 

5-8239 

5*8274 

5*8310 

5*8345 

5-8381 

4 

7 

II 

14 

18 

80 

5-8416 5-8452 

5-8488 

5-8524 

5-8560 

5-8596 

5*8633 

5-8669 

5*8705 

5-8742 

4 

7 

II 

14 

x8 

81 

5-8779 5-8816 

5-8853 

5-8890 

5-8927 

5*8965 

5-9002 

5-9040 

5 * 9078 

5-9116 

4 

7 

II 

15 

19 

82 

5-9154 5-9192 

5-9230 

5-9269 

5 ' 9307 

5-9346 

5*9385 

5*9424 

5 * 9463 

5*9502 

4 

8 

12 

15 

19 

83 

5-9542 5-9581 

5-9621 

5-9661 

5-9701 

5 - 974 I 

5-9782 

5-9822 

5*9863 

5-9904 

4 

8 

12 

l6 

20 

84 

5-9945 5-9986 

6-0027 

6- 0069 

6-oiio 

6-0152 

6-0194 

6-0237 

6- 0279 

6-0322 

4 

8 

13 

17 

21 

85 

6-0364 6-0407 

6-0450 

6-0494 

6-0537 

6-0581 

6-0625 

6-0669 

6-0714 

6-0758 

4 

9 

13 

18 

22 

86 

6-0803 6-0848 

6-0893 

6-0939 

6-0985 

6-1031 

6- 1077 

6-1123 

6-1170 

6- 1217 

5 

9 

14 

18 

23 

87 

6-1264 6-1311 

6-1359 

6- 1407 

6-1455 

6-1503 

6-1552 

6- 1601 

6-1650 

6-1700 

5 

lo 

15 

19 

24 

88 

6-1750 6- 1800 

6-1850 

6- 1901 

6- 1952 

6- 2004 

6-2055 

6-2107 

6-2160 

6-2212 

5 

IO 

15 

21 

26 

89 

6-2265 6-2319 

6- 2372 

6- 2426 

6- 2481 

6-2536 

6-2591 

6- 2646 

6-2702 

6-2759 

5 

II 

l6 

22 

27 

90 

6-2816 6-2873 

6- 2930 

6-2988 

6-3047 

6-3106 

6-3165 

6-3225 

6-3285 

6-3346 

6 

12 

18 

24 

29 

9 i 

6-3408 6-3469 

6-3532 

6-3595 

6-3658 

6-3722 

6-3787 

6-3852 

6-3917 

6-3984 

6 

13 

19 

26 

32 

92 

6-4051 6-4118 

6-4187 

6-42 5 S 

6-4325 

6-4395 

6-4466 

6-4538 

6-4611 

6-4684 

7 

14 

21 

28 

35 

93 

6-4758 6-4833 

6-4909 

6-4985 

6-5063 

6-5141 

6-5220 

6-5301 

6-5382 

6*5464 

8 

l6 

24 

31 

39 

94 

6-5548 6-5632 

6-5718 

6-5805 

6-5893 

6-5982 

6-6072 

6-6164 

6-6258 

6-6352 

9 

18 

27 

36 

45 

95 

6-6449 6-6546 

6- 6646 

6-6747 

6-6849 

6-6954 

6- 7060 

6-7169 

6-7279 

6-7392 







97 100 

101 

102 

105 

106 

109 

no 

113 

US 






96 

6-7507 6-7624 

6-7744 

6-7866 

6-7991 

6-8119 

6-8250 

6-8384 

6-8522 

6-8663 







117 120 

122 

125 

128 

131 

i 34 

138 

141 

H 5 






97 

6- 8808 6-8957 

6-9110 

6-9268 

6' 943 1 

6- 9600 

6-9774 

6-9954 

7-0141 

7*0335 







149 153 

15S 

163 

169 

i 74 

180 

1S7 

i 94 

202 







Continued on next page. 
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Table IX, Puoiin.s -continue.! 



O'OO 

O' or 

0* 02 

0-03 

0*04 

005 

O’ 06 

o- 07 

o- 08 

Q* OD 

I 



2 


4 

5 

q8-o 

7-0537 

7-0558 

7-0579 

7* 0600 

7-0621 

7-0642 

7- 0663 

7-0684 

7* 0700 

7 

0727 

-> 

4 

h 

8 

II 

98- 1 

7-0749 

7*0770 

7-0792 

7-0814 

7- 0836 

7-0858 

7-0880 

7-0902 

7’0924 

r 

0947 

2 

4 

7 

9 

U 

98- 2 

7-0069 

7* 0QQ2 

7-1015 

7-1038 

7- 1061 

7- 1084 

7-1107 

7* 1 1^0 

7 - 115-1 

7 ' 

1177 


5 

7 

9 

12 

9 S'3 

7*1201 

7*12 24 

7-1248 

7- 1272 

7-1297 

7-1321 

7-1345 

7-1370 

7 ‘ 1394 

7 ’ 

1419 

2 

5 

7 

IO 

12 

98-4 

7-1444 

7- 1469 

7-1494 

7-1520 

7-1545 

7 -T 57 I 

7-1596 

7-1622 

7-1048 

7 

1675 

3 

5 

8 

Io 

'3 

98" 5 

7* 1701 

7-1727 

7 -J 754 

7-1781 

7- 1808 

7-1835 

7- 1862 

7- 1 890 

7-1917 

7 

'945 

3 

5 

8 

II 

14 

98-6 

7-1973 

7* 2001 

7*202 9 

7-2058 

7- 2086 

7-2115 

7-2144 

7 ' 2 1 73 

7-2203 

r 

2232 

3 

6 

9 

12 

'4 

98-7 

7-2262 

7 ’ 22 Q 2 

7-2322 

7-2353 

7 ' 2 383 

7-2414 

7-2445 

7 - 2-176 

7' 2508 

7 * 

2.534 

3 

6 

y 

1 2 

'5 

98-8 

7-2571 

7-2603 

7-2636 

7* 2668 

7* 2701 

7- 2 734 

7-2768 

7- 2801 

7-2835 

7 

2869 

3 

7 

IO 

13 

'7 

98-9 

7- 2904 

7-2938 

7-2973 

7 " 3 o0 9 

r 304-1- 

7-3080 

7-3 ”6 

7 - 3 t 52 

7-3189 

r 

3220 

4 

7 

XI 

'4 

18 

99-0 

7.3263 

7-33 01 

7-3339 

7 - 337 8 

7-3416 

7-3455 

7-3495 

7-3535 

7-3575 


3615 

4 

8 

12 

If) 

20 

99 ' 1 

7-3656 

7-3698 

7'3739 

T 31&1 

7-3824 

7-3867 

7*3911 

7-3954 

7 - 39 W 

7 

4044 

■i 

9 

15 

'7 

22 

99-2 

7-4089 

7 ' 4 I 3 S 

7-4181 

7-4228 

7-4276 

7 - 43=4 

7-4372 

7-4422 

7' -1471 

7 

4522 

5 

ro 

14 

19 

24 

99 ' 3 

7-4573 

7-4624 

7-4677 

7-4730 

7-4783 

7-4838 

7-4893 

7 - 494 ') 

7" 5006 

7 

5063 

5 

r 1 

X() 

2 1 

“7 

99'4 

7-5121 

7-5181 

7 " 5 2 4 1 

7 - 53 °= 

7- 5364 

7-5427 

7 - 549 t 

7-5556 

7-5622 

7 

5690 

6 

13 

19 

25 

» 3 - 

99’5 

7 - 57 S 8 

7-5828 

7-5899 

7-5972 

7‘ 6045 

7-6121 

7-6197 

7-6276 

7-6356 

7 

<*437 






99-6 

7-652! 

7-6606 

7-6693 

7-6783 

7-6874 

7- (.968 

7* 7065 

7-711,4 

7-7206 

7 

7370 






99-7 

7-7478 

7-7589 

7-7703 

7- 7822 

7-7944 

7-8070 

7-8202 

7' 8538 

7-8480 

7 

8627 






99-8 

7-8782 

7-8943 

7 * 9 ir 2 

7*9290 

7-9478 

7-9677 

7-9889 

8-0115 

8-0357 

8 

0618 






99-9 

8-0902 

8- 1214 

8-1559 

8-1947 

8-2389 

8-2905 

8 - 35=8 

8-4316 

8-5401 

8 

7190 







Table IX r. Simple Quantiles of the Normal Distribution 


Proper Fractions, with Denominators up to 


ilMU Ull- 


v ui i t 




"1/30 

t 8339 

*1/10 

1-2816 

5/27 

0-Hy58 

1/29 

1-8187 

3/29 

I- 2621 

3/16 

0-8871 ji 

1/28 

1-8028 

2/19 

1-2521 j 

4/21 

O' 8761 j 

1/27 

1-7861 

3/28 

1-2419 

5/26 

o- 8694 j 

1/26 

1-7688 

i /9 

1 * 2 206 

*1/5 

0- 84 1 G 

1/25 

1-7507 

3/26 

1-1984 

6/29 

0-8172 

1/24 

T 73 I 7 

2/17 

I- 1868 

5/24 

0-8122 

1/23 

1-7117 

3/25 

1- 1750 

4/19 

o- 8046 

1/22 

1-6906 

1/8 

i-iS °3 

3/14 

o- 7916 

1/2 1 

1-6684 

3/ 2 3 

I* 1244 

5/23 

0- 7810 

1/20 

1-6449 

* 2 /i 5 

1-1108 

2/9 

0-7647 

1/19 

1-6x99 

3/22 

1-0968 

5/ 2 2 

0-7479 

1/18 

1-5932 

4/29 

1-0897 

3 /l 3 

0-7363 

1/17 

1-5648 

i /7 

1-0676 

* 7/30 

o* 7279 

1/16 

!" 534 1 

4/27 

1-0444 

4/17 

0-7215 

*2/15 

1-5011 

3/20 

1-0364 

5/21 

0-7124 

2/29 

1-4835 

2/13 

1-0201 

6/2 5 

o- 706-5 

1/14 

1-4652 

3/19 

1-0031 

7/29 

o* 7019 

2/27 

1-4461 

4/25 

0-9945 

l /4 

0-6745 

*/*3 

1-4261 

*1/6 

0-9674 

7/27 

0-6456 

2/25 

I- 405 I 

5/29 

0-9447 

6/23 

o- 6407 

1/12 

1-3829 

4/23 

0-9388 

5 /l 9 

0-6336 

2/23 

1-3597 

3 /i 7 

o- 9289 

* 4/15 

o- 6229 

i/n 

T 33 S 2 

S/28 

o- 9208 

l 7/26 

0-6151 

2/21 

1-3092 

z/11 

o- 9085 

| 3 /u 

o- 6046 


Many fractions with higher denominators may 

5+7 


8/24 

5 ;'r«S 

7/^S 

2/7 

7 / 2-1 

5 /i 7 
»/a 7 

" 3 /io 

7/23 

4 /i 3 

9/29 
S/i r ' 
r>/iy 
7/22 
8/2 5 

9/28 

*i/3 

10/29 

9/26 

8 / 2 3 

7/20 

6/17 

5/i4 

9/25 

4/1 1 


0-5952 

*1 1/30 

0-3407 

9/20 

0-1257 

0-5895 

7 /i 9 

33 f >o ji 5 ,'ri 

0-1142 

0-5828 

10/27 

o- 3309 

11/24 

o- 1046 

0-5661 

3/8 

0-3186 

fi/13 

00966 

0-5485 

11/29 

o- 3073 

13/28 

0-0896 

o- 54 i 4 

8/21 

0- 3030 

* „ / T - 

0-0036 

o- 535 i 

5/13 

o- 2934 ! 

*V r 7 

0-0738 

0-5244 

7 /iK 

O' 2822 J 

9/19 

0-0660 

0-5119 

9/2 3 

0-2 759 j 

10/21 

0-0597 

0-5024 

11/28 

0-27J1) 

1 1/25 

o-oS 45 

0-4949 

* 2/5 

0-2 533 ! 

12/25 

0.0502 

0-4888 

n/27 

o- 2342 j 

13/27 

o- 0464 

°-4795 

4 /a a 

0-2299 j 

t 4/29 

0-0432 

0-4728 

7 /i 7 

0-2230 

*1/2 

0 

0-4677 

12/29 

0-2x78 



0-4637 

5/1 2 

o- 2104 



0-4307 

8/1 9 

o- 1992 



0-3993 

11/26 

0- 1 940 



o -3957 

3/7 

o- I 800 



0-3912 

*13/30 

o- 1679 



0-3853 

10/23 

o- 1642 



o '3774 

7/16 

0-1573 



0-3661 

11/25 

0-1510 



0-3585 

4/9 

0-1397 



0-3488 

13/29 

o- 1300 




to he 0-2822 -|- ~ (-ox 12) 


W 5,13 “ d the deviate for 12/31 * judged 

True value 0-2868,94. Each thirtieth is marked by an asterisk. 

o convei t to prolnt values subtract from 5, and for fractions A greater tlmn i acid the value for 1 —A to 5 


31 


ent values, 

: 0-2868, 97- 
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Table IX2. Probits 


Weighting Coefficients and Probit Values ro be used for Final Adjustments 

(Adapted from Bliss, 1935) 


Expected 
Probit E. 

Minimum 

Working 1 

Probit 

y-rfz. 

Maximum 
working 
Range Probit 

ijZ Y+QIZ . 

Weighting ' 
Coefficient 
Z n i-PQ. 

Expected 
TrobiL Y. 

Minimum 

Working 

Probit 
Y-jPjZ . 

Range 

1 iz 

Vlaximum 

working 

Probit 

Y+Q}z. 

Weighting 
Coefficient 
Z 2 jPQ . 

I *1 

0-8579 

5°34 

5035 

•00082 

5 -o 

3-7467 

2 -5066 

6-2533 

■63662 

I *2 

0-9522 

3425 

3426 

•00118 

5 -i 

3-7401 

2-5192 

6-2593 

•63431 

1 '3 

1 -0462 

2354 

2355 

•00167 

5-2 

3-7x86 

2-5573 

6-2759 

-62742 

1-4 

1*1400 

1634 

1635 

•00235 

5-3 

3-6798 

2 '6220 

6-3018 

■61609 

i '5 

1 -2335 

1146 

1147 

•00327 

5-4 

3-6203 

2 - 7 I 54 

6-3357 

■60052 

i *6 

1-3266 

811-5 

812-8 

■00451 

5'5 

3-5360 

2-8404 

6-3764 

•58099 

1 '7 

1-4194 

580-5 

581-9 

•00614 

5-6 

3-4220 

3*0010 

6-4230 

■557S8 

i*S 

1-5118 

419-4 

420*9 

•00828 

5-7 

3-2724 

3-2025 

6-4749 

• 53 I 59 

i -9 

1 -6038 

306-1 

3 o 7-7 

•01104 

5-8 

3-0794 

3-4519 

6 - 53 I 3 

■50260 

2 *0 

1-6954 

225-6 

227-3 

■OI 4 S 7 

5-9 

2-8335 

3-7582 

6-5917 

•47144 

2 ’I 

1-7866 

168-00 

169-79 

•OI9O3 

6*o 

2-5230 

4-1327 

6-6557 

•43863 

2*2 

1 -8772 

126-34 

128-22 

•02459 

6*i 

2-1324 

4-5903 

G -7227 

•40474 

2 

1-9673 

95-96 

97‘93 

■03143 

6*2 

1-6429 

5 -I 497 

6-7926 

•37031 

2-4 

2-0568 

73-62 

75-68 

■03977 

6-3 

1 -0295 

5 -S 354 

6-8649 

•33589 

2-5 

2-1457 

57-05 

59-20 

•04979 

6-4 

0-2606 

6-6788 

6-9394 

•30199 

2*6 

2-2340 

44-654 

46-888 

•06169 

6-5 

-0-705 

7-721 

7-0158 

■26907 

2-7 

2-3214 

35-302 

37-623 

■07563 

6-6 

— 1*921 

9-015 

7 -0940 

•23753 

2-8 

2-4081 

28-189 

30-597 

•09179 

6-7 

-3-459 

10-633 

7-1739 

•20774 

2-9 

2-4938 

22-736 

25-230 

•1x026 

6-8 

-5-411 

12-666 

7 - 255 I 

•17994 

3-0 

2-5786 

18-522 

21 *IOI 

■13112 

6-9 

— 7*902 

15-240 

7-3376 

•15436 

3 'i 

2-6624 

15-240 

17-902 

■15436 

7-0 

— 11*101 

18-522 

7-4214 

•131x2 

3-2 

2-7449 

12-666 

15-411 

•17994 

7 -x 

-15-230 

22-736 

7-5062 

■11026 

3‘3 

2-8261 

10-633 

13-459 

■20774 

7-2 

—20-597 

28-189 

7-5919 

•09179 

3'4 

2-9060 

9-015 

11*921 

•23753 

7‘3 

—27-623 

35-302 

7-6786 

•07564 

3 'S 

2-9842 

7-721 

10-705 

■26907 

7'4 

-36-888 

44-654 

7-7661 

•06168 

3-6 

3-0606 

6-6788 

9-7394 

•30199 

7-5 

—49-20 

57 -oS 

7-8543 

•04979 

3'7 

3-1351 

5-8354 

8-9705 

•33589 

7-6 

-65-68 

73-62 

7-9432 

•03977 

3 'S 

3-2074 

5-1497 

8-357 1 

•37031 

7-7 

- 87-93 

9 S -96 

8-0327 

-° 3 I 43 

3 '9 

3-2773 

4 - 59°3 

7-8676 

■40474 

7-8 

— Il8-22 

126-34 

8-1228 

•02458 

4-0 

3-3443 

4-1327 

7-4770 

•43863 

T 9 

— 159-79 

168-00 

8-2134 

•01903 

4-1 

3H083 

3 7582 

7-1665 

•47144 

8-o 

— 217-3 

225-6 

8 -3046 

•01457 

4-2 

3 H 687 

3 H 5 I 9 

6-9206 

■50260 

8-i 

- 297-7 

306-1 

8-3962 

'0II04 

4’3 

3 - 525 I 

3-2025 

6-7276 

•53159 

8-2 

—410-9 

419-4 

8 -4882 

•00828 

4‘4 

3 - 577 ° 

3*0010 

6-5780 

■55788 

8-3 

-571-9 

580-5 

8-5806 

•00614 

4'5 

3-6236 

2 -8404 

6 -4640 

•58099 

8-4 

— 802 -S 

811-5 

8-6734 

•00451 

4-6 

3-6643 

2-7154 

6-3797 

•60052 

8-5 

-1137 

1146 

8 -7666 

•00327 

4V 

3-6982 

2 -6220 

6-3202 

•61609 

8-6 

— 1625 

1634. 

8 -86oo 

■00235 

4-8 

3-7241 

2-5573 

6-2814 

•62741., 

8-7 

— 2345 

2354 

8-9538 

•001C7 

4‘9 

3 ‘ 74°7 

2-5192 

6-2599 

•63431 

8-8 

—3416 

3425 

9-0478 

•00118 

S'° 

3-7467 

2-5066 

6-2533 

•63662 

8-9 

-5025 

5°34 

9-1421 

■00082 


In toxicology the probit values used are found by adding 5 to a normal deviate. The weighting coefficient for any test Z Z /PQ 
is derived from the probit Y given by some provisional formula. The appropriate score for a test in which an observed proportion 
p die and q survive is y c , where y c = ( Y—PjZ)+fi/Z = {Y-\-QjZ) — q\Z = g{ Y— PlZ)-\-fi{Y J r QIZ''. 
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Table IX3. Promts 

Weighting Coefficients for Use when there is a Natural Mortality 

(D. J. Finney) 








Natural Mortality, K 






y 

Qiz 

*00 

■01 

02 

•04 

06 

■08 

•10 

•15 

■20 

•25 

.30 

"35 

•40 

I 'I 

5034 

*001 

■000 












I '2 

3425 

•001 

*000 












I '3 

2354 

■002 

•000 











1 

1 '4 

1634 

*002 

•000 











| 

I'S 

1146 

•003 

•000 












x-6 

8ll -2 

■005 

*000 












1 '7 

580-2 

•006 

•000 












1 *8 

4 I 9 ' 1 

•00S 

•001 

°000 











1-9 

305 '8 

•on 

*001 

•OOO 









l 


2*0 

225-3 

•0x5 

•002 

•001 

*000 

•OOO 









2*1 

167-69 

•019 

■003 

*002 

■OOI 

•001 

•000 

•OOO 







2*2 

126 ‘02 

•025 

■QOS 

•003 

■ool 

*001 

■001 

■001 

•000 






2-3 

9 S -63 

■031 

■008 

•005 

■002 

•002 

*001 

•001 

•001 

■000 

•000 




2-4 

73-28 

•040 

■013 

*007 

*004 

■003 

*002 

“002 

■001 

■001 

•001 

■000 

•000 


2\5 

56-70 

•050 

-019 

*012 

•006 

•004 

•003 

*003 

•002 

■001 

*001 

•OOI 

*001 

•000 

2-6 

44-288 

•062 

•028 

■018 

•010 

•007 

•005 

•004 

•003 

•002 

•001 

•001 

•001 

•OOI 

2 7 

34-923 

•076 

-039 

■026 

•015 

•Oil 

•008 

•007 

•004 

■003 

■002 

•002 

•001 

•001 

2-8 

27-797 

*092 

•053 

■037 

•023 

•016 

•013 

•OIO 

■007 

■005 

*004 

■003 

•002 

*002 

2-9 

22-330 

•no 

•070 

•051 

•033 

•024 

•019 

•015 

•010 

•007 

-006 

•OO4 

•004 

•003 

3-0 

i 8 -ioi 

•131 

•091 

•069 

•046 

•034 

*027 

•022 

•ois 

•on 

•008 

•007 

•005 

•004 

3 -i 

14-802 

•iS 4 

•114 

*090 

■063 

•048 

O 

CO 

co 

•032 

•022 

■016 

•012 

•010 

■008 

•006 

3 '2 

I 2 - 2 II 

•180 

•140 

•IIS 

•083 

■065 

■053 

■044 

•030 

•023 

•018 

*014 

•on 

•009 

3 ’3 

10-159 

■208 

•169 

•142 

•107 

■085 

*070 

•059 

•O42 

•031 

■024 

•020 

■016 

•013 

3 '4 

8-521 

■238 

•201 

•173 

•135 

■no 

■092 

•078 

■056 

•043 

•034 

•027 

*022 

•018 

3*5 

7-205 

■269 

•234 

•206 

•166 

■138 

•117 

•101 

•074 

•057 

■045 

•036 

•030 

•025 

3-6 

6-1394 

.302 

•268 

•241 

•199 

•169 

-145 

•127 

■°95 

•074 

•°59 

■048 

■039 

•°33 

3‘7 

5-2705 

■336 

• 3°4 

•277 

■23s 

•202 

•177 

•156 

•119 

■094 

•076 

•062 

■051 

"°43 

3-8 

4-5571 

• 37 o 

•340 

•315 

•272 

•238 

•21 1 

■188 

•146 

■117 

■095 

00 

O 

•065 

■°55 

3*9 

3-9676 

•405 

■377 

■352 

■310 

-275 

•247 

•222 

•176 

•142 

•117 

•097 

■081 

•068 

4 "° 

34770 

*439 

•412 

•389 

■347 

*313 

•283 

•258 

•208 

•170 

•141 

•119 

■100 

•084 

4 -i 

3-0665 

•471 

•447 

■424 

00 

ro 

•35° 

•320 

•294 

•24I 

•200 

•168 

•142 

•120 

•102 

4-2 

2-7206 

■503 

•480 

•458 

•420 

•386 

•356 

•330 

•274 

•231 

■195 

■166 

•142 

•121 

4 '3 

2-4276 

■532 

•510 

■490 

'454 

•421 

•391 

•364 

• 3°7 

•261 

*224 

■192 

•165 

•I42 

4‘4 

2-1780 

■558 

■538 

•519 

•484 

•453 

•424 

•397 

•339 

*292 

•252 

■218 

•188 

•163 

4’5 

x -9640 

■581 

•563 

•545 

•512 

■481 

•453 

■427 

• 37 ° 

•321 

•279 

■243 

•212 

•184 

4-6 

17797 

■601 

•533 

■567 

•536 

• 5°7 

•480 

•454 

•397 

■348 

’ 3°5 

•268 

■234 

•205 

4*7 

1-6202 

•616 

•600 

•585 

•556 

•528 

-502 

•477 

■421 

•372 

•329 

■29O 

■256 

•224 

4-8 

1-4814 

•627 

•613 

•598 

• 57 i 

•545 

■520 

•496 

•442 

■394 

• 35 ° 

•311 

•275 

•243 

4*9 

I "3599 

•634 

■621 

■607 

■582 

’557 

■534 

•511 

■458 

•4x1 

•368 

•328 

■292 

•259 

5 *o 

1 * 2 533 

•637 

■624 

■612 

•588 

■56S 

•542 

•521 

■471 

•424 

-382 

•343 

" 3°7 

■273 
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Table IX3. Probits — continued 


Weighting Coefficients for Use when there is Natural Mortality 


Y 

Q/Z 

•00 

•01 

•02 

•04 

Natural Mortality, K 
■06 -08 -io -15 

•20 

•25 

•30 

■35 

•40 

S-o 

I- 2 S 33 

•637 

•624 

■612 

•588 

•565 

■542 

■521 

•471 

■424 

•382 

'343 

•307 

•273 


I-I 593 

-<534 

-623 

•6ii 

■589 

-567 

•546 

•526 

•478 

■434 

•392 

•354 

•318 

•284 

5-2 

1-0759 

•627 

■617 

•606 

•58s 

■S65 

•546 

-526 

■481 

■438 

•398 

•361 

•325 

■292 

S ‘3 

1 -0018 

•616 

■606 

•596 

•577 

-558 

■540 

■522 

•479 

•439 

•400 

-364 

•329 

■296 

5-4 

o -9357 

•601 

•591 

■582 

•56s 

■547 

■530 

■513 

■473 

•435 

•398 

■363 

•330 

■298 

5‘5 

0-8764 

•581 

•573 

■564 

•548 

•532 

■516 

•501 

•463 

•427 

■392 

•359 

•327 

•296 

S‘6 

0-8230 

•558 

•550 

•543 

•528 

•5M 

■498 

•484 

•449 

•415 

•382 

•351 

■320 

•29I 

5‘7 

0-7749 

■532 

•525 

■ 5 i 8 

•504 

■490 

■477 

•464 

•431 

•400 

■369 

•340 

•3 II 

■2S3 

5-8 

o- 73 i 3 

•503 

•496 

■490 

•477 

■465 

•453 

•440 

•411 

■382 

•353 

•326 

•299 

•272 

5 "9 

0-6917 

■471 

■466 

■460 

•449 

■437 

•426 

-415 

•388 

■361 

•334 

•309 

‘284 

•259 

6*o 

0-6557 

•439 

•433 

•428 

■418 

■408 

•398 

00 

■363 

•338 

•314 

•291 

•267 

•245 

6-i 

0-6227 

•405 

•400 

■395 

•386 

■377 

•368 

•359 

■336 

■314 

■292 

•271 

•249 

■228 

6*2 

0-5926 

-370 

•366 

■362 

•354 

•345 

•337 

•329 

■309 

■289 

■269 

■249 

•230 

•211 

6-3 

0-5649 

■336 

•332 

■328 

•321 

• 3 i 4 

•306 

•299 

•281 

■263 

•245 

•228 

•210 

■193 

6-4 

o -5394 

•302 

•299 

•295 

•289 

•282 

•276 

•269 

•253 

•237 

•222 

•206 

•I90 

■17s 

6-5 

0-5158 

■269 

•266 

•263 

•258 

■252 

•246 

•24O 

•226 

•212 

•198 

■184 

•171 

■157 

6-6 ' 

0-4940 

•238 

•235 

• 2 33 

•228 

•223 

‘218 

•213 

•200 

■188 

■176 

■163 

•151 

•139 

6-7 

o -4739 

■208 

•206 

•203 

•199 

■195 

•190 

•186 

■US 

•165 

■154 

■143 

133 

•122 

6-8 

0-4551 

■180 

•178 

•176 

•172 

■169 

•165 

•i6i 

■152 

•143 

■134 

•125 

■i *5 

■106 

6-9 

0-4376 

■154 

•153 

■151 

•148 

•145 

•142 

•139 

■131 

•123 

•i 15 

•107 

■099 

•092 

7-0 

0‘42I4 

■131 

•130 

•128 

■126 

■123 

•120 

•ns 

•III 

*104 

■098 

*091 

•085 

•078 

7-1 

0-4062 

•no 

•109 

•108 

•106 

•104 

*101 

•099 

•093 

•088 

•082 

■077 

■071 

•066 

7-2 

°" 39 I 9 

•092 

■091 

•090 

•088 

•086 

•084 

■082 

■078 

•°73 

■069 

■064 

■059 

•°55 

7’3 

0-3786 

■076 

•075 

•°74 

■073 

•071 

■070 

•068 

•064 

•060 

•057 

‘°53 

■049 

■045 

7-4 

0-3661 

•062 

•061 

•060 

■059 

•058 

■057 

■055 

•052 

■049 

■046 

" D 43 

•040 

•°37 

7 'S 

0-3543 

■050 

•049 

•049 

•048 

•047 

-046 

•045 

•042 

•04O 

■037 

■°35 

•032 

■030 

7-6 

0-3432 

•040 

•039 

•039 

•038 

■037 

•037 

•036 

■034 

•032 

-030 

•028 

■026 

-024 

7'7 

o -3327 

•031 

•031 

•031 

■030 

•030 

•029 

•028 

■027 

■025 

•024 

•022 

•020 

•OI9 

7-8 

0-3228 

•025 

•024 

*024 

•024 

•023 

•023 

•022 

■021 

•020 

■018 

*017 

•016 

•0x5 

7-9 

0-3134 

•019 

•019 

•019 

■018 

•018 

•018 

•017 

•016 

■015 

■014 

•013 

■012 

•on 

8-o 

0-3046 

•015 

■014 

•014 

•014 

•014 

•013 

■013 

•012 

•012 

■on 

•010 

•009 

■009 

8-i 

0-2962 

•on 

■on 

■on 

■on 

•OIO 

*010 

■010 

•009 

•009 

■008 

■008 

•007 

■007 

8-2 

0-2882 

•008 

•008 

•008 

•008 

•008 

-008 

*007 

•007 

•007 

•006 

•006 

•005 

■005 

8-3 

0-2806 

•006 

•006 

•006 

■006 

■006 

•006 

•006 

•005 

•005 

•005 

•004 

•004 

•004 

8-4 

0-2734 

•005 

•004 

•004 

■004 

*oo 4 

•004 

•004 

■004 

■OO4 

•003 

■003 

•003 

•003 

8-5 

0-2666 

■003 

■003 

•003 

■003 

•003 

•003 

•003 

•003 

•003 

•002 

■002 

■002 

'002 

8-6 

0-2600 

•002 

■002 

•002 

•002 

•002 

•002 

*002 

■002 

•002 

•002 

•002 

■002 

■001 

8-7 

0-2538 

■002 

•002 

•002 

•002 

■002 

*002 

•002 

•001 

•001 

•ooi 

•OOI 

■001 

•ooi 

8-8 

O 

W 

4^ 

00 

•001 

■001 

•001 

•001 

•001 

•001 

•001 

•001 

■001 

•ooi 

•001 

■001 

•001 

8-9 

0-2421 

•001 

•ooi 

•001 

•001 

‘OOI 

■001 

■001 

■001 

•00 T 

*001 

•001 

■001 

•000 
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Table X. Angular Transformation 


p% 

0*0 

0*1 

0*2 

o -3 

0-4 

o -5 

o*6 

0-7 

o*8 

0-9 

0 

O'OO 

i-Si 

2-56 

3 -i 4 

3-63 

4-05 

4-44 

4-80 

5-13 

5-44 

I 

5' 74 

6-02 

6-29 

6-55 

6-8o 

7-03 

7-27 

7-49 

7-71 

7-92 

2 

8-13 

8-33 

8-53 

8-72 

8-91 

9-10 

9-28 

9-46 

9-63 

9-80 

3 

9'97 

10-14 

10-30 

10-47 

10-63 

10-78 

io -94 

11-09 

11-24 

n -39 

4 

n -54 

n-68 

11-83 

11-97 

1 2 ■ 1 1 

12-25 

12-38 

12-52 

12-66 

12-79 

s 

12-92 

i 3 -°S 

13-18 

I 3 - 3 I 

I 3'44 

I 3-56 

13-69 

13-81 

13-94 

14-06 

6 

14-18 

14-30 

14-42 

I 4-54 

14-65 

14-77 

14-89 

15-00 

15-12 

15-23 

7 

15-34 

15-45 

I 5-56 

iS-68 

iS -79 

15-89 

16-00 

16-11 

16-22 

16-32 

8 

16-43 

16-54 

16-64 

16-74 

16-85 

16-95 

17-05 

I 7 -I 5 

17-26 

17-36 

9 

17-46 

17-56 

17-66 

17-76 

I 7 ' 8 S 

17-95 

18-05 

18-15 

18-24 

18-34 

IO 

i 8"43 

i 8 'S 3 

18-63 

18-72 

i8-8i 

iS-91 

19-00 

19-09 

I 9 -I 9 

19-28 

ii 

I 9-37 

19-46 

I 9-55 

19-64 

i 9'73 

19-82 

19-91 

20-00 

20-09 

20-18 

12 

20-27 

20-36 

20-44 

20-53 

20-62 

20-70 

20-79 

20-88 

20-96 

21-05 

13 

21-13 

21-22 

21-30 

21-39 

21-47 

21-56 

21-64 

21-72 

2I-8i 

21-89 

i 4 

21-97 

22*06 

22-14 

22-22 

22-30 

22-38 

22-46 

22-54 

22-63 

22-71 

IS 

22-79 

22-87 

22-95 

23-03 

23-11 

23-18 

23-26 

23-34 

23-42 

23-50 

16 

23-58 

23-66 

23-73 

23-81 

23-89 

23-97 

24-04 

24-12 

24-20 

24-27 

i 7 

24-35 

24-43 

24-50 

24-58 

24-65 

24'73 

24-80 

24-88 

24-95 

25-03 

18 

25-10 

25-18 

25-25 

25-33 

25-40 

25-47 

25-55 

25-62 

25-70 

25-77 

19 

25-84 

25 - 9 I 

25-99 

26-06 

26-13 

26-21 

26-28 

26-35 

26-42 

26-49 

20 

26-57 

26-64 

26-71 

26-78 

26-85 

26-92 

26-99 

27-06 

27-13 

27-20 

21 

27-27 

27-35 

27-42 

27-49 

27-56 

27-62 

27-69 

27-76 

27-83 

27-90 

22 

27-97 

28-04 

28-11 

28-18 

28-25 

28-32 

28-39 

28-45 

28-52 

28-59 

23 

28-66 

28-73 

28-79 

28-86 

28-93 

29-00 

29-06 

29-13 

29*20 

29-27 

24 

29-33 

29-40 

29-47 

29-53 

29-60 

29-67 

29-73 

29-80 

29-87 

29-93 

25 

30-00 

30-07 

30-13 

30-20 

30-26 

30-33 

30-40 

30-46 

30-53 

30-59 

26 

30-66 

30-72 

3 o -79 

30-85 

30-92 

30-98 

31-05 

31-11 

31-18 

31-24 

27 

3 I- 3 i 

31-37 

3 i -44 

31-5° 

3 I -56 

31-63 

31-69 

31-76 

31-82 

31-88 

28 

3 i -95 

32-01 

32-08 

32-14 

32-20 

32-27 

32-33 

32-39 

32-46 

32-52 

29 

32-58 

32-65 

32-71 

32-77 

32-83 

32-90 

32-96 

33-02 

33-09 

33-15 

30 

33-21 

33-27 

33'34 

33 - 4 o 

33-46 

33-52 

33-58 

33-65 

33-71 

33-77 

3 i 

33-83 

33 ' 9 ° 

33-96 

34'02 

34-08 

34-14 

34-20 

34-27 

34-33 

34-39 

32 

34-45 

34 - 5 i 

34-57 

34'63 

34-70 

34-76 

34-82 

34-88 

34-94 

35 - 0 ° 

33 

35 ' 06 

35-12 

35-i8 

35-24 

35-30 

35-37 

35 M 3 

35‘49 

35-55 

35-6i 

34 

35-67 

35'73 

35-79 

35-85 

35 - 9 I 

35-97 

36-03 

36-09 

36-15 

36-21 

35 

36-27 

36-33 

36-39 

36-45 

36-51 

36-57 

36-63 

36-69 

36-75 

36-81 

36 

36-87 

36-93 

36-99 

37-05 

37-11 

37-17 

37-23 

37-29 

37'35 

37 - 4 i 

37 

37-46 

37-52 

37-58 

37'64 

37-70 

37-76 

37-82 

37-88 

37-94 

38-00 

38 

38-06 

38-12 

38-17 

38-23 

38-29 

38-35 

38-41 

38-47 

38-53 

38-59 

39 

38-65 

38-7° 

38-76 

38-82 

38-88 

38-94 

39-00 

39-06 

39-11 

39-17 

40 

39-23 

39-29 

39-35 

39-41 

39-47 

39-52 

39-58 

39-64 

39-70 

39-76 

4 i 

39-82 

39-87 

39'93 

39‘99 

40-05 

40-11 

40-16 

40*22 

40-28 

40-34 

42 

40-40 

40-45 

40-51 

40-57 

40-63 

40-69 

40-74 

40*80 

40-86 

40-92 

43 

40-98 

41-03 

41-09 

4 i-i 5 

41-21 

41-27 

41-32 

41-38 

41-44 

4I-50 

44 

41-55 

41-61 

41-67 

41-73 

41-78 

41-84 

41-90 

41-96 

42-02 

42-07 

45 

42-13 

42-19 

42-25 

42-30 

42-36 

42-42 

42-48 

42-53 

42-59 

42-65 

46 

42-71 

42-76 

42-82 

42-88 

42-94 

42-99 

43-05 

43-n 

43-17 

43-22 

47 

43-28 

43'34 

43'39 

43-45 

43-5i 

43-57 

43*62 

43-68 

43’74 

43-80 

48 

43-85 

43 ' 9 i 

43-97 

44-03 

44-08 

44-14 

44*20 

44-26 

44 ' 3 i 

44-37 

49 

44-43 

1 

44-48 

44-54 

44-60 

44-66 

44-71 

44-77 

44-83 

44-89 

44-94 


74 



Table X. Angular Transformation — continued 


/% 

o-o 

0-1 

0-2 

0-3 

0-4 

o -5 

o*6 

o -7 

o*8 

0-9 

5 ° 

45 ' 00 

45-06 

45 -n 

45-17 

45-23 

45-29 

45-34 

45-40 

45-46 

45-52 

SI 

45'57 

45-63 

45'69 

45-74 

45 ' 8 o 

45-86 

45-92 

45-97 

46-03 

46-09 

52 

46-15 

46-20 

46-26 

46-32 

46-38 

46-43 

46-49 

46-55 

46-61 

46-66 

S 3 

46-72 

46-78 

46-83 

46-89 

46-95 

47-01 

47-06 

47-12 

47-18 

47-24 

54 

47-29 

47-35 

47 - 4 I 

47'47 

47-52 

47-58 

47-64 

47.70 

47-75 

47 ‘ 8 i 

SS 

47-87 

47-93 

47-98 

48-04 

48-10 

48-16 

48-22 

48-27 

48-33 

48'39 

56 

48-45 

48-50 

48-56 

48-62 

48-68 

48-73 

48-79 

48-85 

48-91 

48-97 

57 

49-02 

49-08 

49-14 

49-20 

49-26 

49 - 3 i 

49-37 

49'43 

49-49 

49'55 

S8 

49-60 

49-66 

49 - 72 . 

49-78 

49-84 

49-89 

49 ‘ 9 S 

50-01 

50-07 

5 o-i 3 

59 

50-18 

50-24 

50-30 

50-36 

50-42 

50*48 

50-53 

So -59 

50-65 

50-71 

60 

50-77 

50-83 

50-89 

50-94 

51-00 

51-06 

51-12 

51-18 

51-24 

5 I -30 

61 

51-35 

5 i- 4 i 

Si -47 

51-53 

Si -59 

51-65 

51-71 

51-77 

51-83 

51-88 

6z 

51-94 

52-00 

52-06 

52-12 

52-18 

52-24 

52-30 

52-36 

52-42 

52-48 

63 

52-54 

52-59 

52-65 

52-71 

52-77 

52-83 

52-89 

52-95 

53 -°i 

53-07 

64 

53-13 

53-19 

53-25 

S 3 - 3 i 

53-37 

53-43 

53-49 

53-55 

53 ‘ 6 i 

53-67 

65 

53-73 

53-79 

53 ' 8 s 

5391 

53'97 

54-03 

54-09 

54-15 

54-21 

54-27 

66 

54-33 

54-39 

54‘45 

54-51 

54-57 

54-63 

54 - 7 o 

54-76 

54-82 

54-88 

67 

S 4‘94 

SS-oo 

55-06 

55-12 

55 ’i 8 

55- 2 4 

55 - 3 ° 

55-37 

55-43 

55-49 

68 

55-55 

55 - 6 i 

55-67 

55-73 

55 ' 8 o 

55-86 

55-92 

55-98 

56-04 

56-10 

69 

56-17 

56-23 

56-29 

56-35 

56-42 

56-48 

56-54 

56-60 

56-66 

56-73 

70 

56-79 

56-85 

56 - 9 t 

56-98 

57-04 

57 -io 

57-17 

57-23 

57-29 

57-35 

71 

57-42 

57-48 

57-54 

57 - 6 i 

57-67 

57-73 

57 - 8 o 

57-86 

57-92 

57-99 

72 

58-05 

58-12 

58-18 

58-24 

58-31 

58-37 

58-44 

58-50 

58-56 

58-63 

73 

58-69 

58-76 

58-82 

58-89 

58-95 

59-02 

59-08 

59-15 

59-21 

59-28 

74 

59-34 

59-41 

59-47 

59'54 

59-60 

59-67 

59-74 

59-80 

59-87 

59-93 

75 

6o-oo 

60-07 

60-13 

60-20 

60-27 

60-33 

60-40 

60-47 

60-53 

6o-6o 

76 

60-67 

60-73 

6o-8o 

60-87 

60-94 

6i-oo 

61-07 

61-14 

6i-2I 

61-27 

77 

6 i -34 

61-41 

61-48 

6 i -55 

6i-6i 

6i-68 

61-75 

61-82 

61-89 

61-96 

78 

62-03 

62-10 

62-17 

62-24 

62-31 

62-38 

62-44 

62-51 

62-58 

62-65 

79 

62-73 

62-80 

62-87 

62-94 

63-01 

63-08 

63-iS 

63-22 

63-29 

63-36 

80 

63-43 

63-51 

63-58 

63-65 

63-72 

63-79 

63-87 

63-94 

64-01 

64-09 

81 ! 

64-16 

64-23 

64-30 

64-38 

64-45 

64-53 

64-60 

64-67 

64-75 

64-82 

82 | 

64-90 

64-97 

65-05 

65-12 

65-20 

65-27 

65-35 

65-42 

65-50 

65-57 

83 

65-65 

65-73 

65-80 

65-88 

65-96 

66-03 

66-n 

66-ig 

66-27 

66-34 

84 

66-42 

66-50 

66-58 

66-66 

66-74 

66-82 

66-89 

66-97 

67-05 

67-13 

85 

67-21 

67-29 

67-37 

67-46 

67-54 

67-62 

67-70 

67-78 

67-86 

67-94 

86 

68-03 

68-n 

68-ig 

68-28 

68-36 

68-44 

68-53 

68-6i 

68-70 

68-78 

87 

68-87 

68-95 

69-04 

69-12 

69-21 

69-30 

69-38 

69-47 

69-56 

69-64 

88 

69-73 

69-82 

69-91 

70-00 

70-09 

70-18 

70-27 

70-36 

70-45 

7 o -54 

89 

70-63 

70-72 

70-81 

70-91 

71-00 

71-09 

71-19 

71-28 

71-37 

71-47 

90 

7 i -57 

71-66 

71-76 

7 i-S 5 

7 i -95 

72-05 

72-15 

72-24 

72-34 

72-44 

9 1 

72-54 

72-64 

72-74 

72-85 

72-95 

73-05 

73 -i 5 

73-26 

73-36 

73-46 

92 

73-57 

73-68 

73-78 

73-89 

74-00 

74 -n 

74-21 

74-32 

74-44 

74-55 

93 

74-66 

74-77 

74-88 

75-00 

75 -n 

75-23 

75-35 

75-46 

75-5S 

75 - 7 ° 

94 

75-82 

75-94 

7606 

76-19 

76-31 

76-44 

76-56 

76-69 

76-82 

76-95 

95 

77-08 

77 - 2 i 

77-34 

77-48 

77-62 

77-75 

77-89 

78-03 

78-17 

78-32 

96 

78-46 

78-61 

78-76 

78-91 

79-06 

79-22 

79‘37 

79’53 

79-70 

79-86 

97 

80-03 

80-20 

80-37 

80-54 

80-72 

80-90 

81-09 

81-28 

81-47 

81-67 

98 

81-87 

82-08 

82-29 

82-51 

82-73 

82-97 

83-20 

83-45 

83-71 

83-98 

99 

84-26 

84-56 

84-87 

85-20 

85-56 

85-95 

86-37 

86-86 

87-44 

88-19 



Table Xi. Transformation of Proper Fractions to Degrees 


*1/30 

io' 5 

*1/10 

i8'4 

5/2 7 

=5*5 

8/29 

31*7 j 

*11/30 

1 

37' 3 

9/20 

42' I 

1/29 

10-7 

3/29 

i8'8 

3/l<> 

25D 

5/iS 

31-8 

7 / Il J 

37' 4 

5/n 

42' 4 

1/28 

io- 9 

2/19 

18' 9 

4/2I 

25'9 

7/25 

31*9 

10/27 

37*5 

11/24 

42-6 

1/27 

ir 1 

3/28 

19-1 

5/26 

26'0 

2/7 

3 2 '3 

3/8 

37'8 

6/13 

42-8 

1/26 

n-3 

i/9 

19' S 

*l/5 

26' 6 

7/24 

32-7 

n/29 

38-0 

13/28 

43' 0 

1/25 

n-S 

3/26 

r 9'9 

6/29 

27-1 

5/i7 

32-8 

8/21 

38' 1 

"7/i5 

43'i 

M 

to 

-P- 

u-8 

2/17 

20‘ 1 

S/24 

27-2 

8/27 

33' 0 

5/ 1 3 

38'3 

8/17 

43' 3 

to 

1 2* 0 

3/25 

20-3 

4/l9 

27-3 

*3/ 10 

33' 2 

7/18 

38' 6 

9/i9 

43' 5 

1/23 

I2'3 

1/8 

20' 7 

3/l4 

ay 6 

7/23 

33' 5 

9/23 

38' 7 

10/21 

43'6 

1/21 

i2'6 

3/23 

21*2 

5/23 

27-8 

4/D 

33' 7 

11/28 

38'8 

11/23 

43'8 

1/20 

I2‘9 

*2/15 

21 '4 

2/9 

28- 1 

9/29 

33' 9 

*2/5 

39' 2 

12/23 

43' 9 

1/19 

D'3 

3/22 

21- 7 

5/22 

28-5 

5/16 

34'° 

11/27 

39' 7 

13/27 

43' 9 

1/1S 

13-6 

4/29 

21'8 

3A3 

28' 7 

6/19 

34'2 

9/22 

39'8 

14/29 

44-0 

1/17 

14-0 

i /7 

22* 2 

*7/30 

28'9 

7/2 2 

34' 3 

7 /i 7 

39' 9 

*1/2 

45'° 

1/16 

D'S 

4/27 

22-6 

4/D 

29-0 

8/23 

34'4 

12/29 

40'0 



*1/15 

15-0 

3/20 

22*8 

5/21 

29' 2 

9/28 

34' 5 

5/i2 

40' 2 



2/29 

15' 2 

2/13 

23-1 

^/25 

29' 3 

"i/3 

35' 3 

8/19 

40' 5 



1/14 

15' 5 

3/i9 

23'4 

7/2 9 

29'4 

10/29 

36' 0 

11/26 

40'6 



2/27 

15-8 

4/25 

23-6 

l/4 

3°' 0 

9/26 

36'0 

3/7 

4°'9 



1/13 

i6’i 

*1/6 

24-1 

7/27 

3°'6 

8/23 

36'i 

*13/30 

41'2 



2/25 

16-4 

5/29 

24‘5 

6/23 

3°' 7 

7/20 

3<5'3 

10/23 

4 I- 3 



1/12 

id' 8 

4/23 

24-6 

5/19 

30-9 

6/17 

3<H 

7/16 

4 r 4 



2/23 

17-2 

3/i7 

24-8 

"4/D 

3f 1 

5/i4 

367 

n/25 

41-6 



i/n 

1 7’ 5 

5/28 

25-0 

7/26 

3i'3 

9/ 2 5 

36-9 

4/9 

41-8 



2/21 

i8'o 

2/11 

25' 2 

3/11 

3i'5 

4/1 1 

3 7‘ 1 

D/29 

42' 0 




Eot fractions exceeding i, subtract the fraction from I, and the angle from 90°, Each thirtieth is marked by an 
asterisk ; for interpolation see Table IXl. 


In connection with an observed fraction p, it is often advisable to use the angular value <j>, such that p = sin 5 tj>. 
tf) rises to 90° at 100 per cent, The amount of information supplied by n observations about d>, in circular measure, 
■ ■ j 4 it 2 " tpn „ . 

is 4«, or in degrees, — yyyy, Consequently in large samples, the variance of <j> , ns estimated from a sample, is 


Sroo 820-7 , , , , 

— = — — independently of the true value of 



Table X2. Angular Values for Final Adjustments 


Expected 

value 


Minimum 


Working values 
Range 


Maximum 


Expected 

value 


Minimum 


Working values 
Range 


Maximum 


9'573 

10-003 

10-426 

10- 840 
n -245 

11- 641 

12- 027 
12-403 

12- 768 

13- 120 

13- 460 

i 3'787 

14- 099 
i 4 ‘ 39 6 
14-677 

14- 941 

15- 186 
15-412 
15-618 
15-801 

15- 962 

16- 097 
16-205 
16-285 
16-335 


1641-737 

821-368 

548 -I 35 

411-687 

329 - 9 S 3 

275-S77 

236-836 

207-866 

185-413 

167-521 

152-950 

140-867 

130-702 

122-043 

II 4"59 I 

108-122 

102-462 

97-477 

93-064 

89-136 

85-627 

82-480 

79-650 

77-099 

74-795 

72-710 

70-822 

69-111 

67-562 

66-160 

64-891 

63-747 

62-718 

61-795 

60-972 

60-244 

59-605 

59-°5° 

58-576 

58'i79 

57-859 

57-612 

57-436 

57-331 


1642-237 

822-368 

549- 6 34 

413-684 

332-447 

278-566 

240-318 

211-840 

189-876 

172-470 

158-381 

146-778 

137-088 

128-900 

121-915 

115-907 

110-703 

106-169 

102-200 

98-709 

95-630 

92*906 

90*490 

88-344 

86-436 

84-737 

83-225 

81-879 

80-682 

79-620 

78-678 

77-846 

77-114 

76-472 

75-913 
75-43° 
75 ' OI 7 
74-668 

74-377 

74-141 

73-956 

73-817 

73-721 

73-666 


16-352 

i6-334 

16-279 

16-183 

16-044 

I 5-859 

15-623 

iS ‘332 

14-983 

i4'57° 

14-087 

13-528 

12-886 

12-154 

11-322 

10-380 

9-318 

8-121 

6-775 

5-263 

3-564 
1-656 
—0-490 
— 2-906 

- 5 - 63 ° 

-8-709 
— 12-200 

— l6-l69 

— 20-703 

— 25-907 

- 3 I- 9 I 5 

— 38-900 
— 47-088 

■-56-778 

- 68 - 38 I 

— 82-470 

-99-876 

I2I-840 

— ISO-318 

— 188-566 

— 242-447 

— 323-684 
- 459-634 

— 73 2 -368 
— I 55 2 - Z 37 


57-296 

57-331 

57-436 

57-612 

57 - 859 

58 - 179 

5 8 - 576 

59 - 0 5° 

59- 6°5 

60- 244 

60- 972 

61- 795 

62- 718 

63- 747 

64- 891 

66- 160 

67- 562 

69- 111 

70- 822 
72-710 

74-795 

77-099 

79-650 

82-480 

85-627 

89-136 

93-064 

97-477 

102-462 

108-122 

II 4 - 59 I 

122-043 

130-702 

140-867 

152-950 

167-521 

185-413 

207-866 

236-836 

275-577 

329-953 

411-687 

548-I35 

821-368 

1641-737 


73-648 

73-665 

73 - 7 I 5 

73-795 

73 - 903 

74- 038 
74-199 
74-382 
74-588 

74- 814 

7 5- OS 9 
75-323 
75-604 

75- 901 

76- 213 

76-540 

76- 880 

77- 232 

77-597 

77- 973 

78 - 3 S 9 

78 - 755 

79- 160 

79-574 

79- 997 

80- 427 

80- 864 

81- 308 

81- 7S9 

82- 215 

82- 676 

83" I 43 

83- 614 

84- 089 

84- 569 

85- 051 

85- 537 

86- 026 

86- 518 

87- 011 

87- 506 

88- 003 

88- 501 

89- 000 
89-500 


m table for .ago,., on ,ho t.« 

1/820-7, is constant for all angular values, and is only needed in testing omog ^ maximum wor king value multiplied by a\n. 
ing out of n (where ajn = ft) is tlie minimum working value multiplied by 6 /n p us . ; t 

For angles near 0° and 90“ it is always to be questioned whether the angular transformation is appropriate. 




Table XI. Logits 


The Logit or r, 2 Transformation 


p% 

O'O 

0*1 

0*2 

0-3 

0-4 

o-5 

o-6 

0-7 

o-8 

0-9 

50 

•0000 

-0020 

•0040 

•0060 

■0080 

■0100 

■0X20 

-0x40 

■0160 

■0180 

5 1 

■0200 

•0220 

•0240 

■0260 

•02S0 

■0300 

■0320 

•0340 

•0360 

•0380 

52 

•0400 

■0420 

*0440 

•0460 

■0480 

■0500 

•0520 

■0541 

•0561 

•0581 

S3 

•060I 

•0623 

•064I 

•0661 

•0681 

•0701 

•0721 

-0741 

•0761 

■0782 

S4 

•0802 

•0822 

•0842 

•0862 

•0882 

■0902 

■O923 

•0943 

•0963 

-0983 

55 

•1003 

*1024 

1 IO44 

•1064 

•1084 

•1104 

•1125 

■1145 

■1165 

■1186 

56 

•I2o6 

•1226 

•I246 

•1267 

•1287 

•1307 

•1328 

•1348 

•1368 

•1389 

57 

■I409 

■1430 

•1450 

•1471 

•149 1 

•1511 

•I 53 2 

•1552 

•1573 

■1593 

58 

■1614 

■1634 

■1655 

•1676 

■1696 

■1717 

•1737 

•1758 

•1779 

•1799 

59 

■1820 

■1841 

■1861 

•1882 

•1903 

•1923 

•I944 

■1965 

•1986 

•2007 

60 

■2027 

■2048 

•2069 

•2090 

■2111 

■2132 

■3153 

•2174 

•2195 

■2216 

61 

■2237 

•2258 

■2279 

■2300 

■2321 

■2342 

•2363 

•2384 

•2405 

•2427 

62 

■2448 

•2469 

■2490 

■2512 

•2533 

•2554 

•2575 

•2597 

•2618 

■2640 

63 

•266X 

■2683 

■2704 

•2726 

•2747 

•2769 

•2790 

•2S12 

■2833 

■2855 

64 

■2877 

•2899 

■2920 

•2942 

•2964 

•2986 

■3008 

•3029 

■3051 

•3073 

65 

■3095 

•3117 

'3 I 39 

•3161 

■3183 

• 3 2 °S 

•3228 

■3250 

■3272 

■3294 

66 

•3316 

■3339 

•33 61 

■3383 

•3406 

•3428 

•3451 

•3473 

’ 349*3 

■3518 

67 

•3541 

■3564 

■3586 

•3609 

■3632 

•3654 

•3677 

• 37 oo 

■3723 

•3746 

68 

■3769 

■3792 

•3815 

•3838 

•3861 

•3884 

•3907 

•3951 

'3954 

■3977 

69 

■4001 

■4024 

•4047 

■4071 

•4094 

•41x8 

•4142 

•4165 

■4189 

-4213 

70 

•4236 

-4260 

•4284 

■4308 

'4332 

■4356 

•4380 

■4404 

•4428 

■4453 

7 i 

'4477 

•4501 

■4526 

•4550 

•4574 

•4599 

•4624 

•4648 

■4673 

•4698 

72 

•4722 

•4747 

•4772 

■4797 

■4822 

■4847 

•4872 

•4897 

•4922 

■4948 

73 

■4973 

•4999 

•5024 

■5049 

• 5 ° 7 S 

-5101 

•5126 

■5152 

■5178 

■5204 

74 

■5230 

■5256 

-5282 

•5308 

•5334 

■S3 61 

'53 87 

•5413 

■5440 

-5466 

75 

•5493 

•5520 

•5547 

'5573 

•5600 

•5627 

•5654 

•5682 

•5709 

■5736 

76 

*5763 

•5791 

■58x8 

■5846 

•5874 

-590 1 

■5929 

'5957 

•5985 

-6013 

77 

■6042 

•6070 

■6098 

■6127 

•6x55 

•6184 

•62x3 

■6241 

•6270 

•6299 

78 

•6328 

•6358 

•6387 

■6416 

■6446 

•6475 

•6505 

• fi 535 

•6565 

•6595 

79 

•6625 

•6655 

•6685 

•6716 

•6746 

•6777 

■6807 

•6838 

•686 9 

•6900 

80 

•6931 

•6963 

•6994 

•7026 

•7057 

•70S9 

•7121 

’ 7 1 53 

■7185 

•7218 

81 

■7250 

■7283 

• 73 i 5 

■7348 

■ 738 x 

' 74 1 4 

'7447 

■7481 

• 75 H 

■7548 

82 

■7582 

■7616 

•7650 

■7684 

•7718 

■7753 

•7788 

•7823 

■7858 

-7893 

83 

■7928 

•7964 

■7999 

•8035 

■8071 

■8107 

•8144 

•8180 

•8217 

■8254 

84 

•S29I 

■8328 

■8366 

'8404 

•8441 

■8480 

■85x8 

■8556 

■859 5 

■8634 

85 

■8673 

■8712 

•8752 

•8792 

•8832 

•8872 

■8912 

•8953 

•8994 

•9035 

86 

■9076 

■9118 

■9160 

■9202 

•9245 

•9287 

' 933 ° 

■9373 

•9417 

■9461 

87 

•9505 

•9549 

•9594 

■9639 

■9684 

■9730 

•9775 

•9822 

■9868 

■9915 

88 

•9962 

I -OOIO 

1-0058 

1-0106 

1-0154 

1-0203 

1-0253 

I*0302 

1-0352 

1-0403 

89 

I,Q 454 

1-0505 

I-OSS 7 

1-0609 

i-o66x 

1-0714 

1-0768 

I*0822 

1-0876 

1-0931 

90 

i - og86 

1-1042 

1-1098 

* - ii 55 

X-I 2 I 2 

1-1270 

1-1329 

I'I 388 

i- 1447 

1-1507 

9i 

1-1568 

1-1630 

1-1692 

I ' I 754 

1-1817 

1-1881 

1-1946 

1*2011 

1-2077 

1-2144 

92 

I‘22I2 

1-2280 

x -2349 

1-24x9 

1-2490 

1-2562 

1-2634 

1*2707 

1-2782 

1-2857 

93 

r ‘ 2 933 

1-3011 

1-3089 

1-3169 

1-3249 

I ’333 I 

i-34i4 

1-3498 

1-3583 

1-3670 

94 

*•3758 

1-3847 


1-4030 

1-4124 

1-4219 

1-4316 

1-4415 

1-4516 

1-4618 

95 

I'4722 

1-4828 

1-4937 

i - 5047 

1-5160 

I-5275 

I- 5393 

I ‘ 55 I 3 

1-5636 

1-5762 

96 

1-5890 

I -6022 

1-6157 

1-6296 

1-6438 

1-6584 

1-6734 

x-6888 

1-7047 

1-7211 

97 

1-7380 

I- 7555 

1-7736 

1-7923 

1-8117 

1-8318 

1-8527 

i-8745 

1-8972 

1-9210 

98 

1 '9459 

1-9721 

1-9996 

2-0287 

2-0595 

2*0923 

2-1273 

2-1649 

2-2054 

2-2494 

99 

2-2976 

2-3507 

2*4^01 

2-4774 

2-5550 

2-6467 

2-7587 

2-9031 

3-1063 

3-4534 


The logit transformation, a = £ log i.U>li), is equivalent to the r, z transformation with r = ip— I (see Table VIIl). For values 
ot><o-5 Logits are negative, and. numerically equal to the tabular values for i— p. 



Table XI i, Logits 

Weighting Coefficients and Logit Values to be used for Final Adjustments 


Expected 

value 

Working values 
Minimum Range 

Maximum 

Weighting 

coefficient 

Expected 

value 

Working values 
Minimum Range 

Maximum 

"Weighting 

coefficient 

o-oo 

— I- 0000 

2 'OOOO 

1*0000 

i- 00000 

2 '00 

-25-799 

28-308 

2*5092 

•070651 

O' 05 

— roo26 

2-0050 

1*0024 

•99750 i 

2-05 

28*620 

31-178 

2-5583 

•064147 

O'lO 

— 1-0107 

2*0201 

1*0094 

■99007 

2 * 10 

- 31-743 

34-35 1 

2-6075 

•058223 

O-Ifi 

—1-0249 

2-0453 

1-0204 

-97783 

2-15 

— 35-200 

37-857 

2-6568 

■052831 

0*20 

- 1-0459 

2-o8lI 

1-0352 

•96104 

2*20 

-39-025 

41-732 

2-7061 

■047925 

0*25 

-1-0744 

2-1277 

1 "°5 33 

•94001 

2-25 

- 43-259 

46-014 

2-7556 

■043465 

0-30 

—run 

2-1855 

1-0744 

■91514 

2-30 

- 47-942 

50-747 

2-8050 

•0394H 

°' 3 S 

-1-1569 

2-2552 

1-0983 

•88685 

2 -35 

— 53 -12 4 

55 - 97 8 

2-8545 

•035728 

0*40 

—1-2128 

2-3375 

1-1247 

■85564 

2*40 

-58-855 

61-759 

2*9041 

•032384 

°‘ 4 S 

—1-2798 

2 ' 433 i 

t -1533 

■82200 

2-45 

-65-195 

68-149 

2'9537 

■029348 

0-50 

-I- 359 I 

2 - 543 ° 

1-1839 

•78645 

2-50 

— 72*207 

75-210 

3-0034 

-026592 

°‘55 

-1-4521 

2-6685 

1-2164 

■74948 

2‘55 

-79-961 

83-014 

3-0530 

*024092 

0'6o 

-1-5601 

2-8107 

1-2506 

•71158 

2-60 

-88-536 

91-639 

3-1028 

■021825 

0-65 

— 1-6846 

2-9709 

1-2863 

•67319 

2-65 

— 98018 

I0I‘I7 

3 -I 525 

■019769 

0’70 

—1-8276 

3 -i 5°9 

i- 3 2 33 

•63474 

2*70 

— 108-50 

111*71 

3-2023 

•017904 

o ‘75 

—1-9908 

3 - 3 S 24 

1-36x6 

■59659 

2-75 

— 120*10 

I 23 - 3 S 

3-2520 

•016214 

o-8o 

—2-1765 

3-5774 

I^OOg 

• 559 ° 6 

2 *80 

—132-91 

136-22 

3-30x8 

•014683 

0-85 

-2-3870 

3-8283 

I- 44 I 3 

•52242 

2-85 

—147-08 

ISO -44 

3-3517 

-013295 

0*90 

—2-6248 

4-1074 

1-4826 

•48692 

2*90 

—162-75 

166-15 

3-4015 

■012037 

°’9 5 

—2-8929 

4 - 4 I 77 

1-5248 

•45272 

2-95 

—180-07 

183-52 

3 "45 r 4 

•010898 

1*00 

- 3' 1945 

4-7622 

1-5677 

•41997 

3-00 

— I 99 * 2 I 

202*72 

3-5012 

•0098660 

1-05 

- 3 -S 33 I 

5-1443 

X- 6 lI 2 

•38878 

3'°5 

—220-38 

223-93 

3 - 55 ii 

•0089314 

1-30 

— 3 ' 9 I2 5 

5 - 5 6 79 

1-6554 

■35920 

3-10 

-243-77 

247-38 

3-6010 

•0080849 

i'iS 

- 4-3371 

6-0372 

1*7001 

■33128 

3 -iS 

—269-64 

273-29 

3-6509 

•0073183 

1 '20 

—4-8116 

6 - 557 ° 

i '7454 

■30502 

3-20 

— 298-22 

301-92 

3-7008 

•0066242 

1'2S 

-S '3412 

7-1322 

1-7910 

■28041 

3-25 

—329-82 

333-57 

3-7508 

•0059957 

i' 3 ° 

- 5 - 93 I 9 

7-7690 

1-8371 

■25743 

3 ' 3 ° 

-364-75 

368 - 5 S 

3-8007 

•0054267 

1 "35 

-6-5899 

8-4735 

1-8836 

■23603 

3 '35 

- 4 ° 3-35 

407-20 

3-8506 

■0049115 

1*40 

-7-3223 

9-2527 

1-9304 

■21615 

3 ’ 4 ° 

—446-02 

449-92 

3-9006 

•0044452 

I '4S 

-8-1371 

10*1x5 

1-9775 

•19773 

3-45 

- 493-19 

497-14 

3 ' 95°5 

•0040230 

1 ‘ 5 ° 

—9-0428 

11-068 

2*0249 

-18071 

3 ' 5 ° 

- 545-32 

549-32 

4-0005 

■0036409 

I *SS 

— 10-049 

12*121 

2-0725 

•16500 

3’55 

—602-93 

606-98 

4-0504 

•0032950 

r6o 

— ii-i66 

13-287 

2*1204 

■i 5°53 

3'6o 

-666-62 

670-72 

4*1004 

•0029819 

1-65 

— 12-406 

14-575 

2-1684 

•13722 

3-65 

—737-00 

74 i-i 5 

4 -I 503 

■0026985 

1-70 

-13-782 

15-999 

2-2167 

•12501 

3 ’ 7 ° 

-814-79 

818-99 

4-2003 

■0024420 

i- 7 S 

-15-308 

17-573 

2-2651 

•11381 

3'75 

—900-77 

905-02 

4-2503 

•0022099 

i-8o 

-16-999 

19-313 

2 - 3 I 37 

•10356 

3 ’ 8 ° 

-995-80 

IOOO-I 

4'3003 

•0019998 

r-gj 

— 18-874 

21-236 

2-3624 

■094180 

3-85 

— noo-8 

1105-2 

4-3502 

■0018097 

1*90 

-20-951 

23-362 

2-4112 

•085610 

3-90 

— I2i6-g 

1221-3 

4*4002 

•0016376 

1-95 

-23-251 

25-7H 

2-4601 

•077787 

3-95 

- 1345-2 

1349-6 

4-4502 

•0014819 


Table XIx is used in the same manner as the probit table for final adjustments (Table IX2), the working value being given 
by q Min. Value+yS Max. Value, Min. Value+yS Range, or Max. Value-? Range. If the expected value is negative interchange 
the tabular minimum and maximum values with change of sign. Thus with an expected value of — 0-65 and p = 0-3 the working 

value is 0'7(-t ’2863) +0'3(l -6846) = -o'395o. 
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Table XII. Complementary Loglog Transformation 


P°/o 

O'O 

O ‘ 2 

0-4 

o-6 

0 


—6-2136 

- 5 - 5 I 95 

— 5 -11 3 0 

I 

—4-6001 

—4-4168 

—4-2617 

-4-1271 

2 

—3-9019 

—3-8056 

—3-7176 

—3-6365 

3 

-3-4914 

—3-4258 

—3-3641 

— 3-3060 

4 

-3-1985 

—3-1487 

— 3-1012 

— 3’ 0 557 

5 

—2-9702 

— 2-9299 

—2-8911 

-2-8537 

6 

— 2-7826 

— 2-7488 

— 2-7160 

— 2-6842 

7 

— 2-6232 

—2-5940 

—2-5655 

- 2-5378 

8 

—2-4843 

—2-4586 

— 2-4334 

— 2-4088 

9 

— 2-3612 

—2-3381 

—2-3155 

—2-2934 

10 

—2-2504 

—2-2295 

— 2-2090 

— 2-1888 

11 

—2-1496 

—2-1305 

— 2-iii6 

—2-0931 

12 

—2-0570 

—2-0394 

— 2 0220 

— 2-0049 

23 

—1-9714 

— 1 - 955 ° 

— 1-9388 

— 1.9229 

H 

— 1-8916 

—1-8763 

— 1-8612 

— 1-8463 

i 5 

— 1-8170 

— 1-8026 

1 

W 

00 

00 

— 1-7743 

16 

—1-7467 

—I- 733 I 

—1-7197 

—1-7064 

17 

— 1-6802 

—1-6674 

—1-6546 

— 1-6420 

18 

— 1-6172 

— 1-6050 

-1-5929 

— 1-5809 

19 

-I- 5 S 7 2 

-I-S 456 

- 1 - 534 ° 

— 1-5225 

20 

-1-4999 

—1-4888 

- 1-4777 

—1-4668 

21 

-1-4451 

- 1-4344 

—1-4238 

-i- 4 i 33 

22 

-I -3925 

—1-3822 

— 1-3720 

—1-3619 

23 

-1-3418 

-I- 33 I 9 

— 1-3221 

—1-3123 

24 

— 1-2930 

-1-2835 

— 1-2740 

— 1-2646 

25 

- 1-2459 

— 1-2367 

—1-2275 

—1-2184 

26 

— 1-2003 

— I ' I 9 I 3 

— 1-1825 

— 1-1736 

27 

— 1-1561 

-1-1474 

— 1-1388 

—1-1302 

28 

—1-1132 

— 1-1048 

— 1-0964 

— 1-0881 

29 

-1-0715 

-1-0633 

-1-0552 

— 1-0470 

3 ° 

— 1-0309 

— 1-0229 

— 1-0150 

— 1-0071 

3 i 

-•9914 

—■9836 

— ■9758 

- — 9681 

32 

—9528 

— 9452 

-■9376 

— •9301 

33 

— •9151 

-•9077 

— 9003 

— ■8929 

34 

—■8782 

— ■8710 

— •8637 

— 8565 

35 

— -8422 

— ■8350 

— -8279 

— -8209 

36 

— •8068 

-•7998 

— •7928 

— ■7859 

37 

— ■7721 

-•7653 

— '7584 

— 7516 

38 

— ■7381 

— •7313 

— 7246 

— ■7179 

39 

— •7046 

— -6980 

— 6914 

— ■6848 

40 

-•6717 

— 6652 

— ■6587 

— 6522 

41 

-•6394 

— 6329 

— •6265 

— 6202 

42 

— •6075 

— 6011 

— ■5948 

—5886 

43 

— •5760 

— •5698 

— 5636 

-■5574 

44 

— 545 ° 

— ■5389 

-■5328 

— 5266 

45 

-•5144 

— 5084 

— ■5023 

—4963 

46 

— •4842 

— ■4782 

— 4722 

— 4662 

47 

— •4543 

— 4484 

— 4425 

— 436 s 

48 

— 4248 

— -4189 

— 4130 

— ■4072 

49 

—3955 

-•3897 

—3839 

-•3781 


o-8 

p % 

O'O 

0-2 

0-4 

o*6 

—4-8243 

5 ° 

—•3665 

—•3607 

— 355 ° 

—■3492 

—4-0083 

5 X 

-•3378 

-■3321 

— ■3264 

— 3207 

— 3 - 56 i 4 

52 

—■3093 

—•3036 

— 29S0 

—■2923 

—3-2509 

53 

— ‘2810 

— 2754 

— -2698 

- — 2641 

— 3-0121 

54 

—•2529 

—•2473 

—■2417 

—■2362 

— 2-8176 

55 

— •2250 

—2194 

— •2139 

— 2083 

—2-6532 

56 

-■1973 

-•1917 

— -1862 

— -1807 

—2-5107 

57 

— ■1696 

—■1641 

— 1586 

— 1531 

-2-3847 

58 

— ■1421 

—•1367 

— " 1 3 1 2 

— 1257 

— 2-2717 

59 

— 1x47 

— 1093 

— 1038 

— •0983 

— 2-1690 

60 

—•0874 

— 0820 

— 0765 

— •0711 

—2-0749 

61 

— -0602 

-■0547 

— 0493 

— 0438 

— 1-9880 

62 

—•0330 

-•0275 

— ‘0221 

— -0166 

— 1-9072 

63 

— •0058 

— -0003 

•0051 

•0105 

-1-8315 

64 

-0214 

■0269 

•0323 

•0377 

— 1-7604 

65 

■0486 

■0541 

•0595 

■0650 

—1-6932 

66 

■° 7 S 9 

•0813 

■0868 

•0922 

— 1-6296 

67 

■1032 

■1086 

•I 141 

■1196 

—1-5690 

68 

■1.305 

•1360 

• 14 X 5 

‘ 147 ° 

— 1-5112 

69 

•1580 

•1635 

•1690 

•1746 

-I- 4 S 59 

70 

■1856 

•1912 

■1967 

•2023 

— 1-4028 

7 i 

■2134 

•2190 

•2246 

•2301 

-i- 3 Si 8 

72 

•2413 

■2470 

■2526 

•2582 

— 1-3027 

73 

•2695 

■2752 

•2809 

•2865 

-1-2552 

74 

•2979 

■ 3°37 

■3094 

■3x51 

— 1-2093 

75 

•3266 

•3324 

• 33 8z 

•3440 

— 1-1648 

76 

•3557 

•36x5 

■3674 

■3732 

— 1-1217 

77 

■3850 

•3910 

■3969 

■4029 

— 1-0798 

78 

•4148 

■4209 

•4269 

•4329 

— 1-0390 

79 

•4451 

■4512 

■4573 

■4635 

— •9992 

80 

-4759 

■4821 

•4884 

•4946 

— -9604 

81 

■5073 

■5136 

■5200 

■5264 

— •9226 

82 

■5393 

•5458 

•5523 

•5589 

—8855 

83 

•5721 

■5787 

•5854 

-5922 

-■8493 

84 

■6057 

■6126 

■6194 

•6264 

-■8138 

85 

■6403 

•C474 

•6545 

•6616 

— 779 ° 

86 

■6761 

■6834 

•6907 

•6981 

-•7448 

87 

•7131 

•7206 

•7283 

•7360 

—7113 

88 

• 75 i 5 

•7594 

■7674 

•7754 

— 6783 

89 

■7918 

-8000 

•8084 

■8169 

— 6458 

90 

•8340 

•8428 

•8516 

■8605 

— 6138 

9 1 

■8788 

■8881 

■8975 

•9070 

— 5823 

92 

■9265 

■9365 

•9466 

•9569 

—5512 

93 

•9780 

■9889 

•9999 

I-OII 2 

— 5 2 °5 

94 

i -°344 

1-0464 

I -0586 

I-07I2 

— *4902 

95 

1-0972 

1-1107 

1-1246 

1-139° 

— 4603 

96 

1-1690 

1-1848 

1-2012 

1-2183 

— 4306 

97 

1-2546 

1-2741 

1-2946 

1-3163 

—•4013 

98 

1-3641 

1-3906 

I- 4 I 95 

I- 45 I 3 

-■3723 

99 

1-5272 

x -5745 

1-6324 

1-7086 


The complementary loglog transformation, is v — log B { — log, (i — p)). If the direct loglog transformation u = log, 
is required, enter the table with (l— p). For small values of p,v = log ,p+\p approximately. 

8 o 


0-8 


“'3435 

—3150 

— 2866 
-•2585 
-•2306 

'•2028 

— 1752 
-■1476 

— * 1202 

— *0929 

— *0656 
-•0384 
—■0112 

•oi 6 o 

•0432 

■0704 

■0977 

•1250 

■152S 

■i8oi 

■2078 

•2357 

■2639 

■2922 

■3209 

•3498 

■3791 

•4088 

•439° 

■4697 

•5009 

•5328 

■5655 

•59 8 9 

■6333 

•6688 

•7°55 

■7437 

■7836 

•8254 

■8696 

•9167 

•9674 

1-0227 

1-0840 

i-i53 8 

1-2361 

1-3394 

1-4868 

1-8269 

(-log, fi) 


Table XIIi. Complementary Loglog Transformation: Working Values 


Expected 

value 


Working values 
Minimum Range Maximum 


-VS 
- 7'4 
- 7'3 

- 7-2 

-V 1 

-7-o 
- 6-9 
- 6-8 
- 6'7 
- 6*6 

- 6-5 
- 6-4 
- 6’3 
— 6’2 
— 6-i 

—6-o 

— 5'9 
-S' 8 
— 5‘7 
- 5'6 

— S'S 
-S '4 
— 5'3 
— 5 -2 
—S' 1 

— S'° 
- 4'9 
— 4'8 
- 4' 7 
- 4-6 

— 4 'S 
— 4*4 
- 4' 3 
— 4 '2 
- 4 -i 

- 4 '° 

~ 3'9 

- 3-8 

- 3‘7 

— 3-6 

— 3‘5 
— 3'4 
— 3'3 
- 3'2 
- 3 *i 

- 3 -o 

-2'9 
— 2‘8 
-2-7 
— 2-6 


-8-5003 

-8-4003 

-8-3003 
-8-2004 
-8-1004 

-8-0005 

-7-9005 

— 7-8006 

— 7-7006 
—7-6007 

—7-5008 
— 7-4008 
-7-3009 
—7-2010 
—7-1011 

—7-0012 

—6-9014 

—6-8015 

—6-7017 

— 6-6oi8 

—6-5020 

—6-4023 

—6-3025 

—6-2028 

—6-1031 

—6-0034 

— 5 ' 9°37 
—5-8041 
-5-7046 
—5-6050 

-S'SOSS 
—5-4062 
—5-3068 
- 5 ' 2 o 75 
— 5" io8 3 
-5-0092 
—4-9102 

-4-8113 
-4-7125 

—4-6138 

- 4 - 5 I 53 

—4-4169 

-4-3x87 

—4-2207 
—4-1229 

-4-0253 

—3-9280 

— 3-83x0 

- 3-7344 

-3-6381 


1809-0 

1637-0 

1481-3 

1340-0 

1213-0 


1800-5 

1628-6 

i473-° 

1331-8 

1204-9 


Weighting 

codlicient 


•0005529 
•0006 m 
-0006753 
•0007465 
•0008248 


1097-6 

1089-6 ■< 

993-28 

985-38 

898-85 

891-05 

813-41 

805-71 

736-10 

728-50 

666-14 

658-64 

602-85 

595-45 

545-57 

538-27 

493-75 

486-55 

446-86 

439 T 6 

4 ° 4'43 

397-43 

366-04 

359 -X 4 

331 - 3 ° 

324-5° 

299-87 

293-17 

27 I -43 

264-83 

245-69 

239-19 

222-41 

216-01 

201-34 

195-04 

182-27 

176-07 

165-02 

158-92 

149-41 

143-41 

I 35-29 

129-39 

122-51 

116-71 

110-95 

105-25 

100-489 

94-884 

91-023 

85-517 

82-457 

77-051 

74-707 

69-400 

67-694 

62-486 

61-348 

56-240 


Expected 

value 


55 - 6 o 7 SO -598 


50-412 

45 ' 5 ° 2 

■02004 

45-712 

40-901 

•02212 

41-459 

36-747 

■02442 

37-612 

32-998 

•02693 

34-13° 

29-615 

•02974 

30-981 

26-564 

■03282 

28-132 

23-813 

•0362I 

25-554 

21-333 

■03994 

23" 22 I 

19-098 

•04404 

21*111 

17-086 

•04856 

19*202 

i 5'274 

■°5352 

17-476 

I 3-645 

•05898 

15-914 

12-180 

•06497 

14-502 

10-864 

•0715s 


■001660 

•001835 

•002027 

•002240 

•002476 

•002736 

■003023 

•003340 

■003691 

•004079 

■004506 

•004977 

•005501 

•006078 

•006715 

•007419 

■008196 

■009053 

■01000 

-01105 

■01220 

•01348 

•01488 

•01644 

•01815 


Working values 

Minimum Range Maximum 


-2-5 

-2-4 

-2-3 

- 2-2 

- 2-1 


— 1"9 
— 1-8 

— i- 7 

— i-6 

— 1-5 

— i-4 

— i -3 
— 1 ■ 2 

— i-i 

— i-o 
-0-9 
—o-8 
—o-7 
—o-6 

-o-5 

-0-4 

— °'3 
— 0-2 
—o-i 

o-o 

O'l 

0’2 

0-3 

0-4 

o-5 

o-6 

0-7 

o-8 

0- 9 

1- o 
i-i 
1-2 
1-3 
i-4 

i-5 

i-6 

i-7 

i-8 

1- 9 

2 - 0 
2’I 
2 ' 2 
2’3 

2-4 


-3-5422 

—3-4468 

-3-35x8 
—3-2575 
-3-1638 

—3-0708 
—2-9787 
—2-8874 
— 2-7972 

— 27081 

— 2'6203 
-2-534 1 
—2-4495 

— 2-3669 
— 2-2865 

—2-2087 
-2-1339 
— 2 '0625 
-i-995° 
-1-9323 

-1-8751 

— 1-8425 
-1-7817 

— 1-7483 

— 1-7263 

-1-7183 

-I-7275 

-1-7584 

— 1-8164 

— 1-9094 

—2-0476 

— 2-2456 

-2-S235 

— 2-9108 
— 3"4°97 

— 4-2071 
—5-2809 
—6-8309 
—9-1174 

— 12-581 

— 17-998 
—26-787 
—41-669 
— 68-nS 

— 117-76 

— 2 16-86 
—428-81 
— 918-28 

—2149-7 

-55S6'5 


13-2247 

12-0699 

11-0260 

10-0825 

9-2300 

8-4599 

7-7646 

7 ’X 37 ° 

6 -S 7 ii 

6-0611 

5-6020 

5-1893 

4-8188 

4-4870 

4-1907 

3-9270 

3-6935 

3-4880 

3-3088 

3-1544 

3.0238 

2-9163 

2-8316 

2-7697 

2 - 73 I 5 

2-7183 

2-7323 

2-7771 

2-8572 

2- 9797 

3' r S4i 

3 - 3944 

3- 7201 

4- 1601 

4- 7163 

5 - 575 ° 

6- 7138 

8-3321 

10-6899 

14-228 

19-721 

28-589 

43-552 

70-080 

119-81 

219-00 

43 X '°3 

920-59 

2152-1 

5559 ’° 


Weighting 

coefficient 


9-6825 
8-6231 
7-6742 
6-8250 
6-0662 

5-3891 

4-7859 

4-2496 

3-7739 

3 - 353 ° 

2-9817 

2-6552 

2-3693 

2-1201 

1-9042 

1-7183 

1-5596 

1-4255 

I-3138 

I-222I 

I-1487 

1-0918 

1-0499 

I-02I4 

I-0052 

I- OOOO 

1-0048 

I-OI 87 

I-0408 

I- 07 O 3 

I-I065 

1-1488 

IT966 

i '2493 

1-3066 

1-3679 

1-4329 

1-5012 

I-S725 

1-6466 

1-7231 

1-8019 

1-8827 

1- 9653 

2- 0496 

2-1353 

2-2225 

2-3108 

2-4003 

2-4907 


■07876 
•08667 
•09532 
•10478 
■11511 

•12638 
•13866 
■15201 
■16650 
•18220 

•19916 

•21744 

■23708 

■25811 

■28054 

■3°435 

•32951 

■35592 

•38345 

■41192 

■44107 

•47°57 

■49999 

•52880 

•5563 8 

•58198 

•60473 

•62369 

•63780 

•64598 

-64716 

■64034 

■62471 

•59975 

■57071 

•52204 

•47080 

•4x342 
•35223 

•29005 

•22985 
■17448 
•12622 
•08653 
•05587 

•03376 
•01895 
•009805 
■004635 
•001983 


The working value is given by g Min. Value Max. Value, 
direct loglog transformation interchange p and 7 in these ormu ee. 

8l 


Value+/S Range, 


or Max. Value-? Range. For the 



Table XIV. Segmental Functions 


X 

a(.t) 

P(x) 

y(x) 

S(x) 

cosh x 

sinh x 

00 

1-00000 00 

■00000 00 

•00000 00 

’OOOOO 00 

i-ooooo 00 

•00000 00 

02 

x-ooooo 00 

■02000 00 

•00020 00 

•00000 13 

1-00020 OO 

•02000 13 

04 

I'OOOOO 01 

■04000 00 

■00080 00 

•00001 07 

i‘ooo8o 01 

■04001 07 

06 

I- 00000 05 

•06000 00 

■00180 00 

•00003 60 

1-00180 05 

■06003 60 

08 

I- 00000 17 

-08000 00 

•00320 00 

•00008 53 

1-00320 17 

•08008 53 

10 

I'OOOOO 42 

•10000 01 

•00500 00 ■ 

•00016 67 

I '00500 42 

•10016 68 

12 

i-ooooo 86 

•12000 02 

■00720 00 

•00028 80 

1-00720 86 

•12028 82 

14 

I'OOOOI 60 

■14000 04 

■00980 00 

■00045 73 

1-00981 60 

■14045 77 

l6 

i '00002 73 

■16000 09 

■01280 00 

■00068 27 

1*01282 73 

■16068 36 

l8 

1-00004 37 

■18000 16 

-01620 00 

•00097 20 

1-01624 37 

•18097 36 

20 

1-00006 67 

■20000 27 

•02000 ox 

•00133 33 

1 -02006 68 

•20133 60 

22 

1-00009 76 

•22000 43 

•02420 02 

•00177 47 

1-02429 78 

■22177 90 

24 

1-00013 82 

-24000 66 

•02880 03 

•00230 40 

. 1-02893 8 s 

•24231 06 

26 

1-00019 04 

■26000 99 

•03380 04 

•00292 93 

i '°3399 °8 

•26293 92 

28 

1-00025 61 

■28001 43 

■03920 07 

•00365 87 

1-03945 68 

•28367 30 

■ 3 ° 

1-00033 75 

•30002 03 

•04500 IO 

■00450 00 

1-04533 85 

■304S2 03 

32 

1-00043 69 

•32002 80 

•05120 15 

•00546 14 

1-05163 84 

•32548 94 

34 

1-00055 68 

•34003 79 

•05780 21 

•00655 08 

I ‘°5835 89 

•34658 87 

36 

1-00069 98 

•36005 04 

•0648a 30 

•00777 62 

1-06550 28 

■36782 66 

38 

1-00086 88 

•38006 60 

•07220 42 

•00914 56 

1-07307 3° 

•38921 x6 

40 

1-00106 67 

•40008 53 

■08000 57 

•01066 70 

1-08107 24 

•41075 23 

42 

1-00129 66 

■42010 89 

•08820 76 

■01234 85 

1-08950 42 

•43245 74 

44 

1-00x56 17 

■44013 74 

■09681 01 

•01419 80 

1-09837 18 

■45433 54 

46 

1-00x86 57 

■46017 16 

•10581 32 

•01622 35 

x-10767 89 

•47639 5 i 

48 

1-00221 ig 

•48021 23 

•1x521 70 

•01843 32 

I-H742 89 

•49864 55 

5 ° 

I-O026O 43 

■50026 04 

•12502 17 

•02083 49 

I-I2762 60 

•52109 53 

52 

1-00304 66 

•52031 68 

•i 35 22 75 

•02343 67 

1-13827 41 

•54375 35 

54 

1-00354 31 

•54038 26 

•14583 44 

•02624 67 

1-14937 75 

•56662 93 

56 

1-00409 79 

■56045 90 

-15684 28 

•02927 28 

1-16094 07 

■58973 18 

58 

1-00471 55 

•58054 70 

•16825 29 

•03252 30 

1-17296 84 

•61307 00 

60 

1-00540 04 

•60064 80 

•18006 48 

•03600 56 

1-18546 52 

•63665 36 

62 

1-00615 73 

•62076 35 

•19227 89 

•03972 83 

1-19843 62 

•66049 r 8 

64 

1-00699 12 

'64089 48 

•20489 54 

•04369 94 

I’zuSS 66 

•68459 42 

66 

1-00790 70 

•66104 37 

•21791 48 

•04792 68 

1-22582 18 

•70897 05 

68 

1-00891 00 

•68121 17 

" 2 3 1 33 73 

■05241 87 

1-24024 73 

■73363 04 

70 

I-OIOOO 56 

•70140 07 

■24516 34 

•05718 30 

1-25516 90 

■75858 37 

72 

i-omg g2 

•72161 26 

■25939 35 

•06222 79 

1-27059 27 

•78384 05 

74 

1-01249 66 

■74184 94 

■27402 81 

•06756 14 

1 -28652 47 

•80941 08 

76 

1-0x390 37 

•76211 32 

•28906 77 

•07319 17 

1-30297 14 

•83530 49 

78 

1-01542 63 

•78240 63 

•30451 28 

■07912 69 

1 - 3 I 993 9 1 

•86153 32 

80 

1-01707 08 

•80273 10 

•32036 41 

•08537 49 

*'33143 49 

•88810 59 

82 

1-01884 35 

■82309 00 

•33662 23 

•09194 41 

i '35546 5 s 

•91503 41 

84 

1-02075 08 

•84348 57 

*35328 80 

■09884 26 

i- 374 o 3 88 

•94232 83 

86 

1-02279 94 

•86392 09 

•37036 30 

■10607 84 

1-39316 14 

•96999 93 

88 

1-02499 62 

■88439 86 

•38784 51 

•11365 98 

1-41284 13 

•99805 84 

90 

1-02734 82 

■90492 18 

■40573 82 

•12159 49 

1-43308 64 

I-0265I 67 

92 

1-02986 24 

• 9 2 549 36 

•42404 23 

•12989 20 

1-45390 47 

1-05538 56 

94 

1-03254 63 

•94611 74 

■ 44 2 75 83 

•13855 93 

i-4753o 46 

1-08467 67 

96 

1-03540 73 

•96679 67 

•46188 73 

•14760 51 

1-49729 46 

1*11440 18 

98 

1-03845 31 

•98753 50 

•48143 06 

■15703 76 

1-51988 37 

1-14457 26 

00 

1-04169 15 

1-00833 Si 

•50x38 92 

•16686 51 

1-54308 07 

1-17520 12 


84 


Table XIV. Segmental Functions — continued 


X 

a(x) 

P(x) 

y(x) 

S(a;) 

cosh x 

«C*)+y(*) 

sinh x 

P(x) + &(x) 

i-oo 

1-04169 15 

1-00833 61 

■ 5 ° I 3 8 9 2 

•16686 51 

1-54308 07 

1-17520 12 

1-02 

1-04513 04 

1-02920 40 

•52176 45 

•17709 59 

1-56689 49 

1-20629 99 

1-04 

1-04877 81 

1-05014 27 

■54255 78 

•18773 85 

I- 59 I 33 59 

I-23788 12 

1 -06 

1-05264 27 

1-07115 65 

-56377 °7 

•19880 11 

1-61641 34 

1-26995 76 

1-08 

1-05673 30 

1-09224 99 

■58540 46 

•21029 21 

1-64213 76 

I -30254 20 

I-IO 

1-06105 73 

1-11342 74 

•60746 12 

•22222 01 

1-66851 85 

1-33564 75 

1 ■ 1 2 

1*06562 47 

1-13469 38 

•62994 23 

•23459 34 

1-69556 70 

1-36928 72 

i'i 4 

1-07044 41 

1-15605 41 

*65284 96 

■24742 06 

1-72329 37 

1-40347 47 

i'i6 

1-07552 46 

I-I 775 I 33 

-67618 51 

■26071 02 

1-75170 97 

1-43822 35 

1-18 

1-08087 56 

1-19907 69 

•69995 08 

■27457 °9 

1-78082 64 

1-47354 78 

1-20 

1-08650 67 

1-22075 02 

■72414 89 

•28871 11 

1-81065 56 

1-50946 13 

1-22 

1-09242 73 

1-24253 91 

•74878 16 

■ 3°343 97 

1-84120 89 

1 -54597 88 

I'24 

1-09864 76 

1-26444 93 

■77385 13 

•31866 53 

1-87249 89 

1-58311 46 

1-26 

1-10517 73 

1-28648 70 

■79936 04 

■33439 67 

1 -90453 77 

1-62088 37 

1-28 

1 * 1 1202 69 

1-30865 85 

•82531 17 

•35064 27 

J -93733 86 

1-65930 12 

I'30 

1-11920 65 

1-33097 03 

•85170 77 

•36741 21 

1-97091 42 

1-69838 24 

I-32 

1-12672 69 

1-35342 91 

•87855 14 

■38471 40 

2-00527 83 

1-73814 31 

i '34 

1-13459 s 7 

1-37604 17 

■90584 59 

■40255 72 

2-04044 46 

1-77859 89 


1-14283 29 

1-39881 54 

•93359 42 

•42095 08 

2-07642 71 

1-81976 62 

1-38 

1-15144 05 

I- 42 I 75 75 

•96179 96 

•43990 40 

2-11324 01 

1-86166 15 

1-40 

1-16043 28 

1-44487 56 

■99046 57 

•45942 59 

2-15089 85 

1-90430 15 

1-42 

1-16982 13 

1-46817 75 

1-01959 59 

•47952 57 

2-18941 72 

1-94770 32 

1-44 

1-17961 77 

1-49167 12 

1-04919 40 

•50021 28 

2-22881 17 

1-99188 40 

1-46 

1-18983 38 

1-51536 So 

1-07926 41 

•52149 66 

2-26909 79 

2-03686 16 

i'48 

1-20048 17 

1-53926 74 

1-10981 00 

•54338 66 

2-31029 17 

2-08265 4° 

1-50 

1-21157 34 

1-56338 72 

1-14083 62 

•56589 22 

2-35240 96 

2-12927 94 

1-52 

1-22312 15 

I -58773 34 

1-17234 7 1 

■58902 33 

2-39546 86 

2-17675 67 

i '54 

1-23513 86 

1-61231 52 

1-20434 71 

■61278 94 

2-43948 57 

2-22510 46 

i -56 

1-24763 74 

1-63714 22 

1-23684 13 

•63720 04 

2-48447 87 

2-27434 26 

i-S8 

1-26063 10 

1-66222 40 

1-26983 45 

•66226 64 

2-53046 55 

2-32449 04 

i-6o 

1-27413 25 

1-68757 08 

1-30333 20 

•68799 7 2 

2-57746 45 

2-37556 80 

1-62 

1-28815 53 

1-71319 28 

1-33733 92 

•71440 30 

2-62549 45 

2-42759 58 

1-64 

I-3027 1 32 

1-73910 06 

1-37186 16 

•74149 42 

2-67457-48 

2-48059 48 

i-66 

1-31781 97 

1-7653° 5 ° 

1-40690 52 

■76928 10 

2-72472 49 

2-53458 60 

i-68 

I -33348 9 1 

1-79181 71 

1-44247 59 

•79777 39 

2-77596 5 ° 

2 -58959 IO 

1-70 

1-34973 55 

1-81864 84 

1-47858 00 

■82698 36 

2-82831 55 

2-64563 20 

1-72 

1-36657 33 

1-84581 05 

1-51522 40 

■85692 07 

2-88179 73 

2-70273 12 

1-74 

1-38401 72 

i- 8733 i 53 

I ' 55 2 4 I 47 

■88759 62 

2-93643 19 

2-76091 15 

1-76 

1-40208 21 

1-90117 53 

1-59015 90 

■91902 10 

2-99224 11 

2-82019 63 

1-78 

1-42078 31 

1-92940 29 

1-62846 41 

•95120 63 

3-04924 72 

2-88060 92 

1 -8o 

1-44013 55 

1-95801 10 

1-66733 76 

•98416 33 

3-10747 31 

2-94217 43 

1-82 

1-46015 49 

1-98701 27 

1-70678 72 

1-01790 36 

3-16694 21 

3-00491 63 

1 -84 

1 -48085 70 

2-01642 17 

1-74682 09 

1-05243 87 

3-22767 79 

3-06886 04 

1-86 

1-50225 78 

2-04625 17 

1-78744 69 

1-08778 04 

3-28970 47 

3 13403 21 

i-88 

I -52437 37 

2-07651 68 

1-82867 38 

1-12394 06 

3-35304 75 

3-20045 74 

1 -90 

1-54722 10 

2-10723 15 

1-87051 05 

1-16093 14 

3 - 4 I 77 3 15 

3-26816 29 

1 -92 

1-57081 65 

2-13841 06 

1-91296 62 

1-19876 51 

3-48378 27 

3 - 337 I 7 57 

1 '94 

I- 595 I 7 73 

2-17006 93 

1-95605 02 

1-23745 42 

3 " 55 122 75 

3-40752 35 

1-96 

1-62032 05 

2-20222 29 

1-99977 23 

1-27701 14 

3-62009 28 

3-47923 43 

1-98 

1-64626 36 

2-23488 74 

2-04414 25 

1-31744 95 

3-69040 61 

3 - 55 2 33 69 

2 'OO 

1-67302 44 

2-26807 89 

2-08917 13 

I -35878 15 

3-76219 57 

3-62686 04 
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Table XV. "Latin Squares 


The 4X4 Latin Squares 


First Transformation Set : 

3 SeLf-Conjugate Standard Squares 


A 

B 

C 

D 

A 

B 

B 

A 

D 

C 

B 

C 

C 

D 

B 

A 

C 

D 

D 

C 

A 

B 

D 

A 


CD A B C D 
DA B D A C 
A B C A D B 
B C D C B A 


x 


3 


Second Transformation Set : 

1 Self-Conjugate Standard Square 
A B C D 
B A D C 
C D A B 
D C B A 
4 


The SXS Latin Squares 

First Transformation Set : 25 Standard Squares and their Conjugates 


A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

B 

A 

E 

C 

D 

B 

A 

D 

E 

C 

B 

A 

E 

C 

D 

B 

A 

D 

E 

C 

B 

C 

D 

E 

A 

C 

D 

A 

E 

B 

C 

E 

B 

A 

D 

C 

E 

D 

A 

B 

C 

D 

E 

A 

B 

C 

E 

B 

A 

D 

D 

E 

B 

A 

C 

D 

C 

E 

B 

A 

D 

C 

B 

E 

A 

• D 

E 

B 

C 

A 

D 

A 

E 

B 

C 

E 

C 

D 

B 

A 

E 

D 

A 

C 

B 

E 

D 

A 

B 

C 

E 

C 

A 

B 

D 

E 

D 

A 

C 

B 


) 

r . 2 




3, 4 




5, 6 




7,8 



9, 10 


A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

B 

C 

D 

E 

A 

B 

C 

E 

A 

D 

B 

C 

E 

A 

D 

B 

C 

D 

E 

A 

B 

C 

A 

E 

D 

C 

E 

A 

B 

D 

C 

D 

B 

E 

A 

C 

A 

D 

E 

B 

C 

A 

E 

B 

D 

C 

E 

D 

A 

B 

D 

A 

E 

C 

B 

D 

E 

A 

C 

B 

•D 

E 

B 

C 

A 

D 

E 

A 

C 

B 

D 

A 

E 

B 

C 

E 

D 

B 

A 

C 

E 

A 

D 

B 

C 

E 

D 

A 

B 

C 

E 

D 

B 

A 

C 

E 

D 

B 

C 

A 


H 

M 



13. 14 



IS. 16 



00 

M 

w 



19, 20 


A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

B 

C 

A 

E 

D 

B 

D 

E 

C 

A 

B 

D 

A 

E 

C 

B 

D 

E 

C 

A 

B 

D 

A 

E 

C 

C 

D 

E 

B 

A 

C 

A 

B 

E 

D 

C 

E 

D 

B 

A 

C 

A 

D 

E 

B 

C 

E 

D 

B 

A 

D 

E 

B 

A 

C 

D 

E 

A 

B 

C 

D 

C 

E 

A 

B 

D 

E 

A 

B 

C 

D 

A 

E 

C 

B 

E 

A 

D 

C 

B 

E 

C 

D 

A 

B 

E 

A 

B 

C 

D 

E 

C 

B 

A 

D 

E 

C 

B 

A 

D 


21 j 22 



23, 24 



25, 26 



27, 28 



29, 3o 


A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

B 

D 

E 

A 

C 

B 

D 

A 

E 

C 

B 

D 

E 

A 

C 

B 

E 

D 

A 

C 

B 

E 

D 

A 

C 

C 

E 

D 

B 

A 

C 

E 

B 

A 

D 

C 

E 

A 

B 

D 

C 

A 

B 

E 

D 

C 

A 

E 

B 

D 

D 

C 

A 

E 

B 

D 

A 

E 

C 

B 

D 

C 

B 

E 

A 

D 

C 

E 

B 

A 

D 

C 

A 

E 

B 

E 

A 

B 

C 

D 

E 

C 

D 

B 

A 

E 

A 

D 

C 

B 

E 

D 

A 

C 

B 

E 

D 

B 

C 

A 


3*> 32 



33. 34 



35, 36 



37, 38 



39, 4° 


A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

B 

E 

A 

C 

D 

B 

E 

D 

C 

A 

B 

E 

D 

C 

A 

B 

E 

A 

C 

D 

B 

E 

D 

A 

C 

C 

D 

E 

B 

A 

C 

A 

E 

B 

D 

C 

D 

E 

A 

B 

C 

D 

B 

E 

A 

C 

D 

A 

E 

B 

D 

A 

B 

E 

C 

D 

C 

A 

E 

B 

D 

A 

B 

E 

C 

D 

C 

E 

A 

B 

D 

C 

E 

B 

A 

E 

C 

D 

A 

B 

E 

D 

B 

A 

C 

E 

C 

A 

B 

D 

E 

A 

D 

B 

C 

E 

A 

B 

C 

D 


4 1 ) 42 



43. 44 



45, 46 



47. 48 



49, 5° 







Second Transformation 

Set 

: 1 

5 Seif-Conjugate 

Standard : 

Squares 






A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

B 

C 

E 

A 

D 

B 

C 

D 

E 

A 

B 

D 

E 

C 

A 

B 

D 

A 

E 

C 

B 

E 

D 

A 

C 

B 

E 

A 

C 

D 

C 

E 

D 

B 

A 

C 

D 

E 

A 

B 

C 

E 

B 

A 

D 

C 

A 

E 

B 

D 

C 

D 

B 

E 

A 

C 

A 

D 

E 

B 

D 

A 

B 

E 

C 

D 

E 

A 

B 

C 

D 

C 

A 

E 

B 

D 

E 

B 

C 

A 

D 

A 

E 

C 

B 

D 

C 

E 

B 

A 

E 

D 

A 

C 

B 

E 

A 

B 

C 

D 

E 

A 

D 

B 

C 

E 

C 

D 

A 

B 

E 

C 

A 

B 

D 

E 

D 

B 

A 

C 



5i 





52 





53 





54 





55 





56 




When constructing squares for use in experimental arrangements use the randomization procedure described in the 
Jotrod action. 
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Table XV. Latin Squares — continued 
The 6x6 Latin Squares 

Live conjugate pairs of transformation sets, and twelve sets containing conjugates. The numbers above the squares 
indicate the number in each set, s standing for self-conjugate and c for conjugate. Each pair of conjugate sets can he 
turned into the following transformation set by interchanging rows or columns with letters. 



I 



II 



III 



IV 



V 



1080, 1080 


1801+450+4501 


54o+54o* 



54°+54°* 



54°j 54° 


A 

B C D E 

F 

A 

B C D E 

F 

A 

B C D E 

F 

A 

B C D E 

F 

A 

B C D E 

F 

B 

C F A D 

E 

B 

C F E A 

D 

B 

A F E C 

D 

B 

A E F C 

D 

B 

A E C F 

D 

C 

F B E A 

D 

C 

F B A D 

E 

C 

F B A D 

E 

C 

F B A D 

E 

C 

F B A D 

E 

D 

E A B F 

C 

D 

E A B F 

C 

D 

C E B F 

A 

D 

E A B F 

C 

D 

E F B C 

A 

E 

A D F C 

B 

E 

A D F C 

B 

E 

D A F B 

C 

E 

D F C B 

A 

E 

D A F B 

C 

F 

D E C B 

A 

F 

D E C B 

A 

F 

E D C A 

B 

F 

C D E A 

B 

F 

C D E A 

B 


0001-1080 



2161-3240 



3 2 4i-43 2 ° 



43 2 i-54 0 ° 



5401-5940 



1081-2160 












5941-6480 



VI 



VII 



VIII 



IX 



X 


90J+ 225+225* 


270+270^ 



360, 360 



i8o+i8or 



601+60 +6o£ 

A 

B C D E 

F 

A 

B C D E 

F 

A 

B C D E 

F 

A 

B C D E 

F 

A 

B C D E 

F 

B 

A F E C 

D 

B 

C D E F 

A 

B 

A E F C 

D 

B 

A E F C 

D 

B 

C F A D 

E 

C 

F B A D 

E 

C 

E A F B 

D 

C 

F A E D 

B 

C 

F A B D 

E 

C 

F B E A 

D 

D 

E A B F 

C 

D 

F B A C 

E 

D 

C B A F 

E 

D 

E B A F 

C 

D 

A E B F 

C 

E 

C D F B 

A 

E 

D F B A 

C 

E 

D F C B 

A 

E 

D F C B 

A 

E 

D A F C 

B 

F 

D E C A 

B 

F 

A E C D 

B 

F 

E D B A 

C 

F 

C D E A 

B 

F 

E D C B 

A 


6481-7020 



7021-7560 



7561-7920 

7921-8280 



8281-8640 



8641-SS20 



XI 

120 , 120 

A B C D E F 
B C A F D E 
C A B E F D 
D F E B A C 
E D F C B A 
F E D A C B 

8821-8940 

8941-9060 


XII 

601+30+30,? 

A B C D E F 
B C A E F D 
C A B F D E 
DEE BA C 
E F D A C B 
F D E C B A 

9061-9180 


XIII 

60s 

A B C D E F 
B C A F D E 
C A B E F D 
D F E B A C 
E D F A C B 
F E D C B A 
9181-9240 


XIV 

20 + 20f 

A B C D E F 
B C A E F D 
C A B F D E 
D F E B A C 
E D F C B A 
F E D A C B 
9241-9280 


XV 
36, 36 

A B C D E F 
B A F E D C 
C D A B F E 
D F E A C B 
E C B F A D 
F E D C B A 
92S1-9316 
93 V- 93 S 2 


XVI XVII 


<^+ 15 + 15 * 

A B C D E F 
B A E C F D 
C E A F D B 
D C F A B E 
E F D B A C 
F D B E C A 
9353-9388 


xo + ior 

A B C D E F 
B C A F D E 
C A B E F D 
D E F A B C 
E F D C A B 
F D E B C A 
9389-9408 


Examples of 7 X 7 Latin Squares 


A 

E 

C 

D 

E 

F 

G 

A 

B 

C 

D 

E 

F 

G 

A! 

b 2 

C3 

d 4 

E b 

F b 

G 7 

Ax 

b 2 

c 3 

d 4 

E 6 

F e 

g 7 

B 

E 

A 

G 

F 

D 

C 

B 

E 

A 

G 

F 

D 

C 

b 3 

F 7 

E a 

Gr 

C 4 

A a 

D s 

b 3 

C 7 

D s 

Ex 

f 4 

g 2 

A 5 

C 

F 

G 

B 

D 

A 

E 

C 

F 

G 

B 

D 

A 

E 

C 7 

Dx 

a 6 

E a 

Bs 

g 4 

F 3 

C 9 

E5 

e 2 

f 3 

Gx 

a 7 

B* 

D 

G 

E 

F 

C 

B 

A 

D 

G 

E 

F 

B 

C 

A 

d 6 

c* 

g 2 

-A - 3 

F a 

e 7 

b 4 

D 2 

e 4 

f 7 

G a 

A 3 

b 5 

Cx 

E 

D 

B 

C 

A 

G 

F 

E 

D 

B 

C 

A 

G 

F 

e 4 

g 6 

Bi 

e 6 

A? 

D s 

C 2 

e 7 

Fx 

g 5 


b 8 

C 4 

d 3 

F 

C 

D 

A 

G 

E 

B 

F 

C 

D 

A 

G 

E 

B 

f 2 

a 4 

D, 

C 6 

G 3 

b 5 

Ei 

F s 

G 3 

-A -4 

b 7 

C 2 

Dx 

e 8 

G 

A 

F 

E 

B 

C 

D 

G 

A 

F 

E 

C 

B 

D 

g 6 

E 3 

f 4 

B 7 

d 2 

Cl 

-A-6 

G 4 

■A-g 

Bx 

c 5 

D 7 

e 3 

f 2 


(a) (d) (c) id) 


When constructing squares for use in experimental arrangements use the randomization procedure described in the 
Introduction. 
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Table XV. Latin Squares — continued 
Examples of Squares from 8X8 to 12X12 


ABCDEFGH 

BCAEFDHG 

CADGHEFB 

DFGCAHBE 

EHBFGCAD 

FDHABGEC 

GEFHCBDA 

HGEBDACF 

8 X8 


ABCDEFGH 
BAJ I DCFK 
C K I-I A B I J F 

D C G J I K. E B 

EJ BGKHDC 
FEI CGAKJ 
G F D B H J A I 

HI K F A D B E 

I DEHJBCG 
J GAKFEHD 
KHFECGI A 

11 X 11 


A 

B 

C 

D 

E 

F 

G 

H 

I 

B 

C 

E 

G 

D 

I 

F 

A 

H 

C 

D 

F 

A 

H 

G 

I 

E 

B 

D 

H 

A 

B 

F 

E 

C 

I 

G 

E 

G 

B 

I 

C 

H 

D 

F 

A 

F 

I 

H 

E 

B 

D 

A 

G 

C 

G 

F 

I 

C 

A 

B 

H 

D 

E 

H 

E 

G 

F 

I 

A 

B 

C 

D 

I 

A 

D 

H 

G 

C 

E 

B 

F 




9 X 9 





I 

J 

K 

A 

B 

C 

D 

E 

H 

G 

E 

B 

L 

G 

C 

D 

D 

E 

G 

C 

K 

A 

B 

F 

F 

A 

H 

D 

F 

I 

A 

L 

A 

I 

F 

E 

D 

F 

G 

J 

B 

H 

D 

F 

H 

K 

E 

G 

E 

K 

C 

G 

I 

D 

F 

K 

G 

C 

J 

H 

E 

L 

J 

C 

K 

F 

A 

I 

J 

B 

L 

H 

C 

B 

I 

J 

C 

E 

K 

A 

J 

D 

B 

K 

G 

J 

H 

I 




L 

A 

H 

I 

B 


ABCDEFGHI J 
BGAEHCFIJD 
CHJ GFBEADI 
DAGI JECBF 
EFHJ I GADB 
FEBCDI JGHA 
G I FBADHJ CE 
HCI FGJDEAB 
I J DACHBFEG 
JDEHBAI CGF 
10X 10 

F G H I J K L 

J K E H A F I 

LI D G H J E 
E C G J B FI K 

K A L C I B H 

C D B A L I J 

H J A L C E B 

A B I K D G F 

G F K D E A C 

I H F B G L D 

B L C E F D A 

D E J F K C G 

12 X 12 


Table XVI. Complete Sets of Orthogonal Latin Squares 
3X3 4x4 

I II I II III 

123 123 1234 1234 1234 

2 3 1 312 2143 3412 4321 

312 231 3412 4321 2143 

4321 2143 34i2 

AC, BD A CD, BC AD, BCD 


5 X 5 7X7 

I II I II III 


1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 6 

2 3 4 S 1 3 4 S 1 2 234567 

3 4 5 1 2 51234 345671 

45123 23451 456712 

5 r 2 3 4 45123 567123 

671234 

HI IV 712345 

1 2 3 4 5 12345 

45123 51234 IV 

2 3 4 5 1 45123 123456 

5 1 2 3 4 34512 567123 

3 4 5 1 2 23451 234567 

671234 

345671 

712345 

456712 

88 


7 1234567 1234567 

1 3456712 4567123 

2 5671234 7123456 

3 7123456 3456712 

4 2345671 6712345 

5 4567123 2345671 

6 6712345 5671234 

V VI 

7 1234567 1234567 

4 6712345 7123456 

1 4567123 6712345 

5 2345671 5671234 

2 7i 2 3 * 5 3456 4567123 

6 5671234 3456712 

3 3456712 2345671 


n k 



Complete Sets of Orthogonal Latin Squares — continued 


Table XVI. 


8X8 





I 









II 









III 




I 

2 

3 

4 5 

; 6 

7 

8 



1 

2 

3 

4 

5 

6 

7 

8 



1 

2 

3 

4 

5 

6 

7 

8 

2 

1 

4 

3 6 

> 5 

8 

7 



5 

6 

7 

8 

1 

2 

3 

4 



7 

8 

5 

6 

3 

4 

1 

2 

3 

4 

1 

2 7 

8 

5 

6 



2 

1 

4 

3 

6 

5 

8 

7 



5 

6 

7 

8 

1 

2 

3 

4 

4 

3 

2 

1 8 

• 7 

6 

5 



6 

5 

8 

7 

2 

1 

4 

3 



3 

4 

1 

2 

7 

8 

5 

6 

5 

6 

7 

8 1 

2 

3 

4 



7 

8 

5 

6 

3 

4 

1 

2 



8 

7 

6 

5 

4 

3 

2 

1 

6 

5 

8 

7 2 

! I 

4 

3 



3 

4 

1 

2 

7 

8 

5 

6 



2 

1 

4 

3 

6 

5 

8 

7 

7 

8 

5 

6 3 

! 4 

r 

2 



8 

7 

6 

5 

4 

3 

2 

1 



4 

3 

2 

1 

8 

7 

6 

5 

8 

7 

6 

5 4 

• 3 

2 

1 



4 

3 

2 

1 

8 

7 

6 

5 



6 

5 

8 

7 

2 

1 

4 

3 


AD 

, ^5, Ci? 






C£ 





ade 

, 1 







V 











VI 












1 

2 3 

4 

5 

6 

7 

8 





1 

2 

3 

4 

5 

6 

7 

8 





1 




4 

3 2 

1 

8 

7 

6 

5 





6 

5 

8 

7 

2 

1 

4 

3 





3 




8 

7 6 

5 

4 

3 

2 

1 





4 

3 

2 

1 

8 

7 

6 

5 





6 




5 ' 

S 7 

8 

1 

2 

3 

4 





7 

8 

5 

6 

3 

4 

1 

2 





8 




6 ; 

5 8 

7 

2 

1 

4 

3 





3 

4 

1 

2 

7 

8 

5 

6 





2 




7 ' 

S 5 

6 

3 

4 

1 

2 





8 

7 

6 

5 

4 

3 

2 

1 





4 




3 ■ 

4 1 

2 

7 

8 

5 

6 





2 

1 

4 

3 

6 

5 

8 

7 





5 




2 

1 4 

3 

6 

5 

S 

7 





5 

6 

7 

8 

1 

2 

3 

4 





7 




BDEF , 1 

CDE 







CDEF 







9X9 



I 



II 


III 

1 

2345678 

9 

1 

2345678 

9 

123456789 

2 

3156489 

7 

7 

8912345 

6 

978312645 

3 

1264597 

8 

4 

5678912 

3 

564897231 

4 

5678912 

3 

2 

3156489 

7 

64597831 2 

5 

6489 723 

1 

8 

9723156 

4 

2 3 1 5 6 4 8 9 7 

6 

4597831 

2 

5 

64897 23 

1 

789123456 

7 

8912345 

6 

3 

1264597 

8 

897231 564 

8 

9 7 2 3 156 

4 

9 

7831264 

5 

456789123 

9 

7831 264 

5 

6 

4 S 9 7 8 3 X 

2 

3 12645978 


AC(J), BD(J), 



BC{J\ 


ABC{Y), ABD(JV), 


A C (/) X BD{J) . 



BC(J)xAD{I). 


BCD(Y), ACD{Z). 


V 



VI 


VII 

1 

2345678 

9 

1 

2345678 

9 

123456789 

3 

1264597 

8 

4 

5678912 

3 

564897231 

2 

3156489 

7 

7 

8912345 

6 

978312645 

7 

8 9 1 2 3 4 5 

6 

3 

1264597 

8 

897231564 

9 

7831 264 

5 

6 

4597831 

2 

312645978 

8 

9723156 

4 

9 

7831264 

5 

456789123 

4 

5678912 

3 

2 

3 i 5 6 4 8 9 

7 

645978312 

6 

4597831 

2 

5 

6489723 

1 

789123456 

5 

6489723 

1 

8 

9723156 

4 

23!564897 


AC(7), BD{7\ 



BC(I), AD{J ), 


ABC(Z), ABD(X), 


AC (I) xBD(I). 



BC(I)XAD(J). 


BCD(X), ACD(W). 


IV 

12345678 
87654321 
78563412 
2 1 4 3 6 5 s 7 
432 18765 
56781234 
65872143 
341 27856 

ADEF, BDE, CEF 
VII 

2 3 4 S 6 78 

4127856 
S872143 
7654321 
1436587 
3218765 
6781234 
8563412 
A£, BF, CDF 


IV 

123456789 

897231564 

645978312 

978312645 

456789123 

23 i 564897 

564897231 

312645978 

789123456 

ABC(X), ABD{Y)> 

ACD(X), BCD{Z). 

VIII 

123456789 
645978312 
897231564 
564897231 
789123456 
312645978 
978312645 
2 3 1 5 ^ 4 8 9 7 
456789123 

ABC(W), ABD(Z), 
ACD(Y), BCD(TV). 
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Balanced Incomplete Blocks 
Table XVII. Combinatorial Solutions 


I 

r 5 h 3 Use 2, deleting any set of five varieties 
v 6 bio occurring in the same block 

2 7 


A 2 



3 

r 6 k 4 Use 5, deleting any set of six varieties 
v to <5 15 occurring in the same block 

A 2 

4 

3 

r k (s Dicyclic solution 
vb 16 a l a 2 a 3 b 1 c i d l 

A 2 


6t 

7t 

r 7 ab e a de afg a A i 

ajk aim 


v rs dhl bhj bik bmo 

bln beg 



k 3 ej 0 cm n cl 0 edg 

c ef c ij 



b 35 fkm fio djn ekn 

dim. dko 



A 1 gin gkl ehm fjl 

gho fhn 



an 0 b df c hk e i l 

gjm 

13 

II 

r 8 k 4 Cyclic solution in two families 



11 9 h8 ab c e 

A3 a df i 


l6 

iS 

r 9 % d x l 2 e t a. t b 2 1 Cyclic 

via b 2 c x l 1 a l e 2 d 1 - permutation 

k $ e i hi e i b\C 2 e 2 J ( abed e) 

17 


b 30 



A 2 



18 

r 9 k 3 Cyclic solution in three families 



v 19 b 57 agk, ben, 

X 1 

df i 

19 

20 

rk 9 abedefg hi 

nxeqlkcg w 

2lf 


vb 25 bhj espnlu 

0 u If ki p y c 


A 3 c g 0 mj e v p y 

p i g 0 t s w x h 



d m x c h j u w r 

qabpucxyt 



e d y u w q s of 

y c s a 0 w b v n 



f q t j n mi c s 

skdhcvyt l 



g r m 1 d a q s p 

t j n g a d 0 u k 



htrkqbmeo 

u n h i v y r q g 

22 


lypuobnkdm 

v w a t 1 u l me 


j l w y g r t f b 

wpkvfhaj q 



ksuxmgfbv 
Ivqbxodij 
m 0 f n y l h a x 

x f v r p t e n d 
yeisrxjka 

25t 

23 

r k 9 A 2 Cyclic solution 
vb 37 abihryzDJ 



26 

r 10 k 7 A3 Use 27, deleting any set of ten 



v 21 b 30 varieties occurring in the same 

block 


27 

r k io a 1 a 8 b 2 b 5 c 3 c i d 3 d 3 d 3 e 

v b $1 s 2 a b b s b i c 1 r 6 d 3 d s d 3 f 

A 3 a z a i b x b s c 2 e 6 d 3 d 5 d a g 

a i a 2 a i b 1 b 2 b i c l c % c i 

Cyclic 

■ permutation 

(1234S67) 

29 


a l a 2 a 2 a i a s a e a l e f g 

Permutation {a b c ) 



■ k 5 A 2 Cyclic solution 
ih ii aefgi 

r 6 3 Cyclic solution in two families 

513 {26 act 

I 1 b f e 


abed 
ef gh 

a 6 ef 
c d gh 

7 * 3 


ab gh 

c d ef 

a c e g 
b df h 


acfh adfg 
b d e g b c eh 

a d e h 
& c fS 


r 8 

7J2g 

A I 
r 9 


k 4 
b 50 


Cyclic solution 
ab c ef i k 

Dicyclic solution in two families 
^1 ^2 ^1 ^5 
^1 ^3 


v 10 b 18 

4 


/5 s Use 19, deleting any set of nine 
varieties occurring in the same block 


r 9 
v 16 
* 3 

r k 9 
v b 19 


k 6 Use 20, deleting any set of nine 
b 24 varieties occurring in the same block 


A 4 Cyclic solution 

acefghkno 


r 9 
v 28 
k 4 
b 63 
X i 


Invariant variety I, and 27 others 0/ . 


af, 

. cf. Blocks af af bf If, 
f bf, I af bf ef. Cyclic per- 
7 blocks in a 


V • • bi 

af bf a. 

mutation ( a b c ) generates 
replication; (123) in suffixes and indices 
generates the 9 replications. 


r g A j 
v 28 b 36 
A 2 

y 10 a b c 
v 21 ado 
k 3 a e g 
b 70 a f i 
A 1 a g u 
a h j 
akr 
alt 
am s 
a np 


Use 23, deleting any set of nine 
varieties occurring in the same block 


de f g h-. 


b e k 
b d n 
bg p 
bmq 
b r s 
b j t 
bfh 
bi l 
b 0 u 


c 1 p 
cgk 
c hu 
c j r 
c 0 q 
cel 
cn s 
c d t 
cfm 


j k l 
f qt 

f j s 

d q s 
d h k 
dip 
dim 
dr u 
ehn 

d gj 


m n 0 
gl s 
h p t 
e j m 
ep s 
e i u 

fP u 

ego 

f g r 

e r t 


Pi? 

hmr 
i 0 r 
k 0 t 
f 1 0 
fk n 
gnq 
i j q 
j op 
h l q 


S t U 

j n u 
l mu 
l n r 
i n t 
gmt 
ho s 
k m p 
k q U 

i k s 


y 10 
v 41 
A 1 


k 5 Cyclic solution in two families 
b 82 ajprK 
as E FI 


| Divisible into groups, each containing a complete replication, No. 25 by rows, Nos. 6, 7 and 21 as indicated. (See Introduction.) 

™ -» hk, A = r{k— l)/(z/ — [). 
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Table XVIII. Index by Number of Replications 


Replica- 
lions (r). 

Varieties 

lv). 

Blocks 

w. 

Unirs per 
block (k), 

Reference, 

Replica- 
tions (r). 

Varieties 

(?-')- 

Blocks 

V). 

Units per 
block VI 

Reference. 

Replica- 
tions (»•), 

Varieties 

<»>■ 

Blocks 

(<*). 

Units per 
block (k). 

Reference, 

3 

4 

6 

2 

U 

7 

8 

28 

2 

U 

9 

19 

57 

3 

18 


4 

4 

3 

U 


8 

14 

4 

6 


19 

19 

9 

19 


7 

7 

3 

o.s. 


8 

8 

7 

u 


25 

25 

9 

20 







IS 

35 

3 

7 


28 

63 

4 

21 

4 

s 

IO 

2 

u 


i5 

21 

5 

8* 


28 

36 

7 

22 


5 

5 

4 

u 


IS 

IS 

7 

9 


37 

37 

9 

23 


7 

7 

4 

o.s. 


22 

22 

7 

IO* 


4 6 

69 

6 

2 4 f 


9 

12 

3 

o.s . 







64 

72 

8 

O.S. 


13 

J 3 

4 


8 

9 

36 

2 

u 


73 • 

73 

9 

o.s. 







9 

18 

4 

II 






5 

6 

15 

2 

u 


9 

12 

6 

0.1. 

IO 

6 

IS 

4 

u 


6 

IO 

3 

I 


9 

9 

8 

u 


9 

18 

5 

II 


6 

6 

5 

u 


15 

15 

8 

9 


II 

55 

2 

u 


II 

II 

5 

2 


21 

28 

6 

12* 


II 

II 

IO 

u 


l6 

20 

4 

0.5. 


25 

50 

4 

13 


l6 

l6 

TO 

5 


21 

21 

5 

O.S . 


29 

29 

8 

14* 


19 

19 

IO 

19 







49 

56 

7 

0.5. 


21 

70 

3 

25 

6 

5 

IO 

3 

u 


57 

57 

8 

o.s. 


21 

3° 

7 

26 


7 

21 

2 

u 







31 

3 1 

IO 

27 


7 

7 

6 

u 

9 

IO 

45 

2 

u 


3 6 

45 

8 

28* 


IO 

15 

4 

3 


IO 

3° 

3 

15 


41 

82 

5 

29 


II 

II 

6 

2 


IO 

l8 

5 

16 


46 

46 

IO 

30* 


13 

26 

3 

4 


10 

15 

6 

3 


5i 

85 

6 

3 x t 


l6 

l6 

6 

5 


IO 

IO 

9 

u 


81 

90 

9 

0,1. 


25 

30 

5 

0.5. 


1.3 

13 

9 

o.s. 


9i 

9i 

IO 

0.5. 


31 

31 

6 

o.s. 


16 

24 

6 

17 







Table XIX. Index by Number of Units in a Block 


Units per 
block (k). 

Blocks 

w. 

Varieties 

<»)• 

Replica* 
tions (r), 

Reference. 

Units per 

block (>1). 

Blocks 

Varieties 

(*). 

Replica- 
tions (r). 

Reference. 

Units per 
block ft). 

Blocks 

C*>. 

Varieties 

(»>. 

Replica- 
tions (r). 

Reference. 

3 

4 

4 

3 

U 

5 

18 

9 

IO 

II 


9 

9 

8 

U 


7 

7 

3 

O.S . 


18 

IO 

9 



15 

15 

8 

9 


IO 

5 

6 

u 


21 

15 

7 

8* 


29 

29 

8 

i 4 * 


IO 

6 

5 

I 


21 

21 

5 



45 

36 

10 

28* 


12 

9 

4 

0.5. 


3° 

25 

6 



57 

57 

8 

O.S. 


26 

13 

6 

4 


82 

41 

IO 



72 

64 

9 

o.s. 


3° 

IO 

9 

15 





jjHGH 







35 

15 

7 

7 

6 

7 

7 

6 




IO 

9 

u 


57 

19 

9 

18 


II 

II 

6 



13 

*3 

9 

o.s. 


70 

21 

10 

25 


12 

9 

8 



19 

19 

9 

19 







15 

IO 

9 

3 


25 

25 

9 

20 

4 

5 

5 

4 

u 


l6 

l6 

6 

5 


37 

37 

9 

23 


7 

7 

4 

o.s. 


24 

l6 

9 

■I 


73 

73 

9 

O.S. 


13 

13 

4 

o.s . 


28 

21 

8 

m 


90 

81 

IO 

o.s. 


14 

8 

7 

6 


31 

31 

6 

0.5. 







15 

6 

10 

u 


69 

46 

9 

24t 

His 

II 

II 

10 

u 


15 

IO 

6 

3 


85 

51 

10 

3 1 ! 


l6 

l6 

10 

5 


18 

9 

8 

II 







19 

19 

IO 

19 


20 

l6 

5 

0.5. 

7 

8 

8 

7 

U 


31 

3i 

10 

27 


5° 

25 

8 

13 


15 

IS 

7 

9 


46 

46 

IO 

30* 


63 

28 

9 

' 21 


22 

22 

7 

IO* 


91 

9i 

IO 

0.5. 







30 

21 

10 

26 






5 

6 

6 

5 

« 


36 

28 

9 

22 







II 

II 

S 

2 


56 

49 

8 

0,5. 







M Proved non-existent. T No solution yet discovered. 
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Balanced Incomplete Blocks 

Table XIXi. Cyclic solutions, r= 11 — 15 . (Based on C. R. Rao.) 


32 cot 

(ii) 

33 t 

34 

35 

36 

4 1 

42 

43 

45 (0 

(ii) 

46, 49 
48 

^(2,11) : 1 

R( 2 ,it) : 1 
£( 3 , 3 ) ■ 1 
-£■(3,3) : 2 t 
53 

R(3,3> : 1 
^(3,3) : 2 

61 

62 

63 

64 

65 

66 f 

67 

■^( 2 , 13 ) = 2 t 

^(2,13) : 1 

71 

72 

73 (0 

(i0 


74 

75 

^( 4 , 2 ) : 3 t 

76 


77 

■^(4,2) : 1 

79 

^(4,0 : 3 (0 
( 0 ) 
(iii) 

80 
84 

87 


[(1 2 4), (5 6 10), (3 9 7). ( I3 8 ri)] mod 11 
(1 2 4), (r 2 s), (1 3 7), (12 1 6) mod 11 
[(1 2 4 8), (3 5 10 ii), (iz 6 7 9)] mod 11 
(12489 11), (iz 1 6 7 9 11) mod 11 
(1 2 3 4 6 8 9 12 13 16 18) mod 23 

(121 131 213 313 1 12), (321 231 333 223 1 12) mod (3,3,5) ; (in 1 12 113 1 14 ns) mod (3,3,-) 

(12478 12), (12348 12) mod 13 

(124 13), (126 14), (i5 7 IO ) mod 19 

(11 16 25 22 33 34), (11 12 14 21 22 24) mod (3,7) 

(1 2 4), (1 5 14), (1 6 12), (t 8 18) mod 25 

(12 52 24), (21 44 23), (43 32 13), (22 35 31) mod (5,5) 

See Introduction 

(1,1 1,2 2,3 2,6), (1,2 1,4 1,9 2,1), (i,iz 1,8 2,6 3,2) mod (3,11) ; 

(I 1, 1 z,i 3,1) mod (-,11) ; (I i,iz 2,12 3,12) 

PC{ 12) [(1 10 28 30 47 st 77 105 108 115 Il6)5(i2) ; (2 14 26 38 50 62 74 86 98 no 121)] 
mod 120 

(1 2 4 13 21 3s 39 82 89 95 105 no) mod 133 

(1 2 23), (1 3 9), (1 4 15), (i 8 18) mod 26 ; PC(i3) (27 1 14) mod 26 
PC{ 13) [(1239 12 19 21 23 24)5(13) ; (4 s 7 13 17 18 20 26 27)] mod 26 
(112 211 231 222 313 221 213 131 132 232 322 133 332) mod (3,3,3) 

(1 2 27 33), (1 8 20 37), (1 4 17 39) mod 40 ; PC( 10) (1 n 21 31) mod 40 
(1 2 3 6 13 19 23 25 27 28 30 33 34) mod 40 
(1 2 s 10 12), (12511 13), (15 1 2 3 8) mod 14 

(I 11 21 22 23 25), (I 21 n 17 16 14), (12 13 15 2i 22 24), (13 14 16 21 22 24), 

(11 15 16 21 22 24) mod (-,7) 

(i,i 1,4 1,10 1,11), (1,1 2,1 2,3 2,8), (r,i 2,1 2,10 2,11), (1,1 1,3 2,6 2,9), (1,1 1,4 2,5 2,8), 
(1,1 i,s 2,4 2,10), (i,i 1,6 2,3 2,7) mod (-,11) 

(1 2 3 7 13 16 21), (1 3 4 s 11 16 20) mod 22 

(1 7 16 20 23 24 25), (3 21 19 2 n 14 17) mod 29 

[(12 17 26 23 34 35) mod (5,-) ; (I 11 21 31 41 51)] mod (-,7) ; 

[(12 17 46 43 24 25) mod (5,-) ; (1 11 21 31 41 51)] mod (-,7) 

(61 12 17 26 23 34 35), (6t 12 17 46 43 24 25) mod (5,7) ; (I n 21 31 41 51 61), 

(I 11 21 31 41 51 61) mod (-,7) > (61 62 63 64 65 66 67), (61 6z 63 64 65 66 67) 

PC{ 14) [(1 20 24 36 73 93 98 in 137 152 158 159 161)5(14) ; 

(2 16 30 44 58 72 86 100 114 128 142 156 169)] mod 168 
(1 2 4 25 42 S3 58 67 71 97 103 150 165 177) mod 183 
(1 2 4), (1 2 6), (1 3 8), (1 2 9), (1 4 6) mod 11 
(' 2 3 5 9). (1 2 4 7 13), (136711) mod 13 
(1 2 4), (1 4 9), (1 3 13), (1 2 8), (1 5 10) mod 16 

(zi 22 23), (21 23 26), (11 18 zi), (12 17 21), (13 16 21), (14 15 zi), (12 18 zi), (13 17 21), 
(14 16 21), (ii 21 25) mod (-,8) 

(1 2 3 s 8), (1 2 6 9 11), (1248 12) mod 16 

(1 2 4 6 10 13), (1 2 3 4 7 13) mod 16 ; PC{ 8) (1 2 4 9 10 12) mod 16 

[(4567911 12 15), (1 2 3 8 10 13 14 16)] mod is 

(n 12 13 15 21 22 23 25 33), (n 17 16 14 37 35 34 33 zi), (21 27 z6 24 37 35 34 33 11), 
(iS 12 14 ai 23 27 35 32 33), (11 13 17 25 22 Z4 35 32 33) mod 7 
(12 is 23 24 32 35), (12 i S 33 34 43 44) mod (5,5) ; 

(I n 24 32 45 S3), (I u 2 3 35 42 54), (I 11 21 31 41 51) mod (-,5) 

(1 2 19), (1 3 6), (1 s it), (1 9 21), (1 10 17) mod 31 

(1248 16), (3 6 12 24 17), (9 18 5 10 20) mod 31 

(123467912 13 19 20 21 24 28 30) mod 31 

(1 2 4 5 7 8 9 10 14 16 18 19 20 25 28) mod 31 

(1 2 3 4 6 8 12 15 16 17 23 24 27 29 30) mod 31 

(11 12 14 16 2r 24 26 35 41 42 46 53 61 62 64) mod (6,6) 

(1 9 20 58 34), (4 36 19 49 *4), (16 22 15 13 56) mod 61 

(1,1 1,13 2,5 2,9 6,2 6,12 3,7), (4,4 4,10 5,3 5,11 7,6 7,8 3,7) mod (7,13) ; 

(1,1 z,i 3,1 4,i 5,i 6,1 7,1) mod (-13) 


t Divisible into complete replicates, indicated by [ ], (i)j (ii), (iii) indicate alternative solutions. Bold-face numbers are not 
cyclically permuted. I indicates an invariant variety. PC{x) indicates a partial cycle, I tn x ; S(x) indicates steps of x. all such 
steps being included. 
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TABLE XIX2. Index by Number of Replications, r = n — 15. 


Replica- 
tions (r). 

Varieties 

(w). 

Blocks 

(A). 

Units per 
block (A). 

Conjunct- 
ions (A). 

Reference 

Replica- 
tions (r). 

Varieties 

(v). 

Blocks 

(*). 

Units per 
Block (£). 

Conjunct- 
ions (A). 

Reference 

H 

12 

44 

3 

2 

32 

h 

15 

42 

5 

4 

61 ( d ) 


12 

33 

4 

3 

33 


15 

35 

6 

5 

62 


12 

22 

6 

5 

34 


22 

77 

4 

2 

63 


23 

23 

11 

5 

35 


22 

44 

7 

4 

64(0 


45 

99 

5 

I 

36 


29 

58 

7 

3 

65 


45 

55 

9 

2 

37 1 


36 

84 

6 

2 

66(d) 


56 

56 

II 

2 

38! 


43 

86 

7 

2 

67 W 


IOO 

IIO 

IO 

i 

39 ? 


78 

9 i 

12 

2 

68* 


in 

III 

II 

I 

40 ? 


85 

170 

7 

I 

69 f 








92 

92 

14 

2 

70* 

12 

13 

26 

6 

5 

41 


169 

182 

13 

1 

-£(2,13) : 1 


19 

57 

4 

2 

42 


183 

183 

14 

I 

•^(2,13) = 1 


21 

42 

6 

3 

43 








22 

33 

8 

4 

44 1 

15 

II 

55 

3 

3 

7 1 


25 

IOO 

3 

I 

45 


13 

39 

5 

5 

72 


33 

44 

9 

3 

46 


l6 

80 

3 

2 

73 


34 

34 

12 

4 

47 * 


l6 

48 

5 

4 

74 


37 

III 

4 

I 

48 


l6 

40 

6 

5 

75 


45 

45 

12 

3 

49 


16 

30 

8 

7 

■£(4,2) : 3 


55 

66 

10 

2 

50 * 


21 

35 

9 

6 

76 


61 

122 

6 

I 

51 1 


26 

65 

6 

3 

77 


67 

67 

12 

2 

52 * 


28 

42 

IO 

5 

78 1 


1 2 1 

132 

11 

I 

E(2,u) : 1 


3 * 

155 

3 

1 

^( 4 , 2 ) : I 


133 

I 33 

12 

I 

P{i,n ) : 1 


31 

93 

5 

2 

79 








3 i 

31 

15 

7 

-^(4,2) : 3 

13 

27 

117 

3 

I 

^( 3 > 3 ) : 1 


36 

36 

15 

6 

80 


27 

39 

9 

4 

- 2 ( 3 . 3 ) : 2 


43 

43 

15 

5 

81 f 


27 

27 

13 

6 

53 


46 

69 

10 

3 

82 f 


40 

130 

4 

1 

P{3,3) ■ 1 


56 

70 

12 

3 

83 t 


40 

52 

IO 

3 

54 t 


61 

183 

5 

I 

84 


40 

40 

13 

4 

-^( 3 . 3 ) : 2 


7 i 

n 

15 

3 

85 t 


53 

53 

13 

3 

55 * 


76 

I90 

6 

I 

86 | 


66 

i 43 

6 

I 

56 t 


91 

195 

7 

I 

87 


66 

78 

11 

2 

57 t 


9 t 

105 

13 

2 

88 * 


79 

79 

13 

2 

58 t 


106 

106 

15 

2 

89 * 


144 

156 

12 

I 

59 ? 


136 

204 

IO 

I 

9° t 


157 

157 

13 

I 

60 ? 


196 

210 

14 

1 

91 * 








2ir 

21 1 

15 

I 

92 * 


* Proved non-existent. t No solution yet discovered. ? Presumably non-existent. (d) Double of insoluble type. 
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Table XX. Scores for Ordinal (or Ranked) Data 

The mean deviations of the ist, 2nd, 3rd . . . largest members of samples of different sizes ; 

zero and negative values omitted. 


Size of Sample 


Ordinal 

number. 

— 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

1 


’56 

•85 

1-03 

i-i6 

1*27 

i ’35 

1-42 

1-49 

*‘54 

2 




‘ 3 ° 

■50 

‘64 

■76 

•85 

■93 

1*00 

3 






*20 

■35 

■47 

•57 

*66 

4 








’IS 

• 27 

*38 

S 










• 12 


II 

12 

13 

14 

15 

l6 

17 

18 

19 

20 

1 

i '59 

1-63 

1*67 

1-70 

1-74 

!• 76 

i -79 

1-82 

1-84 

i-8 7 

2 

r 06 

i- 12 

I* l6 

I* 21 

1-25 

H 

to 

CO 

1-32 

i "35 

x- 3 8 

1-41 

3 

■73 

■79 

■85 

•90 

•95 

•99 

t 03 

1-07 

i- 10 

i-i 3 

4 

-46 

•54 

•60 

•66 

•71 

•76 

•81 

•85 

•89 

•92 

5 

■22 

•31 

'39 

•46 

•52 

•57 

•62 

•67 

• 7 i 

■75 

6 


•10 

•19 

•27 

•34 

•39 

•45 

• 5 o 

’55 

•59 

7 




•09 

•17 

•23 

■ 3 ° 

’35 

•40 

■45 

8 






■08 

•15 

•21 

•26 

■31 

9 








•07 

•13 

■19 

10 










■06 


21 

22 

2 3 

24 

-5 

26 

27 

28 

29 

3 ° 

X 

I - 89 

1-91 

1 ‘93 

i' 9 S 

x -97 

x - 9,8 

2*00 

2' OI 

2-03 

2-04 

2 

i '43 

1-46 

1*48 

i' So 

i’S2 

I ’ 54 

1-56 

1-58 

i- 60 

1-62 

3 

i' 16 

i- 19 

3*21 

1*24 

1-26 

i* 29 

1-31 

i -33 

i’ 3 S 

i - 3 6 

4 

'95 

■98 

I*OI 

1-04 

1-07 

i‘ 09 

i*n 

I' 14 

i- 16 

i- 18 

S 

•78 

•82 

•8S 

•88 

•91 

’93 

•96 

■98 

I'OO 

1-03 

6 


•67 

•70 

•73 

•76 

•79 

•82 

•8 S 

•87 

•89 

7 

•49 

’S 3 

'57 

•60 

•64 

•67 

•70 

’73 

’75 

•78 

8 

•36 

•41 

•45 

•48 

•52 

'55 

•58 

•61 

•64 

•67 

9 

•24 

•29 

'33 

•37 

•41 

•44 

■ 4 s 

• 5 i 

•54 

•57 

10 

• 12 

•17 

•22 

•26 

.30 

’34 

•38 

•41 

•44 

•47 

ir 


•06 

■ II 

■16 

•20 

•24 

• 28 

•32 

•35 

•38 

12 




•05 

•IO 

•14 

■19 

•22 

• 26 

•29 

1.3 






*°5 

•09 

•13 

■17 

•21 

14 








•04 

•09 

• 12 

IS 










•04 


Tests of psychological preference and some other experimental data suffice to place a series of magnitudes in order 
of preference, without supplying metrical "values. Analyses of variance, correlations, etc., can be carried out on such 
data by using the normal scores, appropriate to each position in order, in a sample of the size observed. Ties may be 
scored with the means of the ordinal values involved, but in such cases the sums of squares given in Table XXI will 
require correction. 


Table XXI. Sums of Squares of Mean Deviations Tabulated 


n 

1 

2 

3 

1 


0-6272 

i’ 445 ° 

11 

8-8892 

9-8662 

10-8104 

21 

18-6242 

19-6862 

20-6176 

31 

28-5730 

29-5960 

30-5562 

41 

38-4660 

39 ' 46 S 4 

40-4366 


4567 


2-3018 

3-1912 

4-1250 

5 ' ° 45 2 

11-7846 

12-8232 

13-6600 

14-7258 

21-6040 

22-6352 

z 3 " 547 ° 

24-5992 

3 I ' 5 I 5 2 

32-5618 

33 " 5 i 66 

34-5346 

41-5788 

42-5194 

43-4922 

44-4548 


8 

9 

IO 

n 

5-9646 

6-9656 

7 " 93 2 ° 

10 

1 5‘ 7454 

16-6864 

17-7144 

20 

25-5808 

26- 5806 

37-5454 

3 ° 

35-4840 

36-4414 

37-4288 

4 ° 

45-3626 

46-5110 

47-383° 

50 
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1 able XX. Scores for Ordinal ^or Ranked) Data — cofitiwued 


Ordinal 

number. 

3 1 

3 2 

33 

Size 

34 

of Sample 

35 36 

37 

38 

39 

1 

2-06 

2-07 

2* 08 

2-09 

2’ 1 1 

2' 12 

2-13 

2-14 

2-15 

2 

1-63 

1-65 

i-66 

i-68 

1-69 

I- 70 

i’ 72 

i'73 

i‘74 

3 

1-38 

1-40 

1-42 

i-43 

i-45 

1-46 

i'48 

1-49 

1-5° 

4 

I" 20 

1-22 

1-23 

i-25 

1-27 

I- 28 

1-30 

132 

i-33 

5 

1-05 

1*07 

1-09 

i'll 

f 12 

I- I 4 

i- 16 

1-17 

1-19 

6 

•92 

•94 

■96 

•98 

I- OO 

1-02 

I' 03 

i-oS 

1-07 

7 

• 80 

•82 

•85 

■87 

•89 

■91 

•92 

■94 

•96 

8 

•69 

•72 

•74 

•76 

•79 

•8l 

•83 

■85 

•86 

9 

■ 60 

• 62 

•65 

•67 

■69 

•73 

■73 

•75 

•77 

10 

■5° 

•53 

•56 

■58 

■60 

•63 

•65 

•67 

■69 

11 

•41 

“44 

“47 

•5° 

•52 

•54 

•57 

•59 

■61 

12 

•33 

■36 

“39 

■41 

•44 

•47 

■49 

•Si 

•54 

13 

•24 

■28 

•31 

•34 

■36 

•39 

•42 

•44 

•46 

14 

• l6 

• 20 

• 23 

■ 26 

•29 

•32 

■34 

•37 

•39 

T 5 

•oS 

• 12 

•is 

•18 

• 22 

•24 

-27 

• 30 

•33 

16 


•04 

■08 

•11 

•14 

•17 

■ 20 

■23 

•26 

17 




•04 

•07 

• IO 

•14 

•16 

■19 

18 






•03 

•°7 

•10 

•13 

19 








■03 

•06 

20 











4i 

42 

■ 43 

44 

45 

46 

47 

48 

49 

1 

2-17 

2' l8 

2' ig 

2‘ 20 

2 ’ 2 1 

2' 22 

2* 22 

2 . 23 

2-24 

2 

1-76 

H 

-sj 

CO 

1-79 

I- 80 

i-8i 

1-82 

1-83 

i'84 

i-Ss 

3 

i'53 

i-54 

i-55 

1-57 

i -58 

i'59 

i-6o 

r6i 

1-62 

4 

1-36 

i-37 

1-38 

1-40 

1-41 

1-42 

i-43 

1-44 

!'45 

5 

1-22 

1-23 

1*25 

I- 26 

1-27 

1-28 

1-30 

i'3 r 

i'3 2 

6 

I" IO 

r 11 

1-13 

I- 14 

i-i6 

i- 17 

1-18 

1-19 

I'2I 

7 

•99 

I'OI 

1-02 

1-04 

ro 5 

i* 07 

i-o8 

ro9 

r 11 

8 

■90 

■91 

■93 

•95 

•96 

•98 

•99 

i- 00 

i- 02 

9 

■8l 

■83 

•84 

•86 

•88 

•89 

•91 

•92 

•94 

10 

■73 

■75 

■76 

•78 

■80 

•81 

•83 

•84 

•86 

11 

■65 

•67 

■69 

•71 

•72 

•74 

•76 

■77 

•79 

12 

•58 

• 60 

■62 

•64 

•65 

•67 

•69 

•70 

■72 

13 

■51 

•S3 

•55 

•57 

•59 

■ 60 

• 62 

•64 

•66 

14 

•44 

•46 

•48 

•5° 

'5 2 

•54 

■56 

•58 

■59 

i5 

■37 

•40 

•42 

• 44 

■46 

•48 

•50 

•5 2 

•53 

16 

•31 

■33 

•36 

•38 

•40 

•42 

•44 

•46 

•48 

17 

■25 

■27 

•29 

• 32 

■34 

•36 

•38 

•40 

■42 

iS 

■l8 

•21 

•23 

■ 26 

•28 

■3° 

'3 2 

■34 

•36 


■ 12 

" I S 

■17 

• 20 

•22 

■25 

•27 

■29 

•31 

20 

■06 

•09 

• 12 

•14 

•17 

■19 

■ 21 

•24 

• 26 

21 


•03 

•06 

■09 

•11 

•14 

■ 16 

•18 

■ 21 

22 




■°3 

•06 

•08 

• 11 

■13 

■15 

2 3 






• 03 

■05 

•08 

■ 10 

24 








•03 

'°5 


25 I 

i 


40 


T I 6 

I- 75 

1-52 
i'34 
i- 20 

1-08 

■98 

•88 

■79 

•7i 

•63 

■56 

‘49 

■42 

‘35 

•28 
* 2 2 
• l6 

•09 

■03 

5° 


2-25 

1-85 

1-63 

1-46 

i‘33 

1* 22 
r 12 
1-03 

■95 

•87 

•So 

•74 
•67 
■61 
’ 5 j 

•49 

•44 

•38 

'33 

•28 

•23 
•18 
■13 
• 08 
•°3 
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Table XXII. Initial Differences of Powers of Natural Numbers 


These values, the so-called “ differences of zero,” enter into many combinatorial formula:, as in Whitworth's Chak 
and Chance . They afford exact solutions of some important sampling problems (Stevens, (12), (13), T937). In particular i 
j objects are distributed among n classes, the probabilities of any one object falling into each class being equal, th 
distribution of r , the number of occupied classes, is 

1 fii A' or 

tt s [ n — r ) 1 r 1 


The values tabulated, A r & jr I, are the r th differences of powers of natural numbers, advancing from o s , divided by rl 
for values of j from 2 to 25. 


s 

r n. 

2 

3 

4 

5 

6 

7 


8 


I 

3 

7 

15 

3 i 

63 


127 

3 


I 

6 

25 

90 

301 


966 

4 



I 

to 

65 

35 ° 


1701 

s 




I 

15 

140 


1050 

6 





I 

21 


266 

7 






I 


28 

8 








I 

Nv s 

r \ 

9 


IO 

II 


12 


13 

2 

2 S 5 


5 *i 

1023 


2047 


4°95 

3 

3025 


933 o 

28501 


86526 

2 

61625 

4 

7770 


34 i°S 

I 4575 ° 

6 

1x501 

25 

3253 ° 

5 

6951 


42 S 2 S 

2 46730 

13 

79400 

75 

08501 

6 

2646 


22827 

1 79487 

13 

23652 

93 

2I3I2 

7 

462 


5880 

63987 

6 

27396 

57 

15424 

8 

36 


75 ° 

11880 

I 

59027 

18 

99612 

9 

I 


45 

1155 


22275 

3 

595°2 

10 



I 

55 


I 7 °S 


39325 

II 




I 


66 


243 1 

12 






I 


78 

13 








I 


S 

T >Ss v 

14 

15 

l6 

N 


iS 

2 

8191 

16383 

32767 

65535 


1 31071 

3 

7 88970 

23 75101 

71 41686 

214 57825 


644 39010 

4 

io 3 9 N 45 

423 5595 ° 

1717 98901 

6943 3729 ° 


27988 06985 

5 

4 °° 75°35 

2107 66920 

10961 90550 

56527 51651 

2 

89580 95545 

6 

634 36373 

4206 93273 

27349 26558 

1 75°57 49898 

II 

06872 51039 

7 

493 29280 

4°87 41333 

32818 82604 

2 57081 04786 

19 74624 83400 

8 

209 12320 

2166 27840 

21417 64053 

2 04159 95028 

18 

90360 65010 

9 

51 35 i 3 ° 

671 28490 

8207 84250 

95288 22303 

IO 

6 r 753 95755 

IO 

7 52752 

126 62650 

1937 5499 ° 

27583 34 i 5 ° 

3 

71121 63803 

II 

66066 

14 79478 

289 36908 

5120 60978 


83910 04908 

12 

3367 

1 06470 

27 57118 

620 22324 


12563 28866 

13 

9 i 

455 ° 

1 65620 

49 10178 


1258 54638 

14 

I 

io 5 

6020 

2 499OO 


84 08778 

15 


I 

120 

7820 


3 67200 

l6 



L 

136 


9996 

17 
*- 0 




I 


153 
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Table XXII. Initial Differences of Powers of Natural Numbers conti 10 * 


2 62143 
1934 481OI 

1 12596 66950 

14 75892 84710 
69 30816 OI779 
149 29246 34839 
170 97510 03480 
1X4 46146 26805 

47 72970 33785 
12 94132 i 779 i 

2 34669 51300 
28924 39x60 

2435 77530 

139 16778 
5 27136 

12597 

171 


5 24287 
5806 06446 

4 52321 i59 01 

74 92060 90500 
430 60788 95384 
1114 3554 ° 45652 
1517 09326 62679 

1201 12826 44725 

591 75849 64655 
190 08424 29486 
41 10166 33391 
6 10686 60380 
63025 24580 

4523 29200 
223 50954 
7 41285 
i5 6 7S 
190 


10 48575 
J 74 2 3 43625 
18 15090 70050 

379 12625 68401 
2658 56794 62804 
8231 09572 14948 
13251 10153 47084 
12327 24764 65204 

7118 71322 91275 
2682 68516 89001 
683 30420 30178 
120 49092 18331 
14 93°4° O4500 

I 30874 62580 
8099 44464 
349 52799 
10 23435 
19285 


20 9? lSI 

52280 79l6 
72 77786 z 3 

1913 782x9 
16330 53393 45 
60276 23799 61 L 0 
i 14239 90799 9 ' 

1 24196 3303S 532 

83514 37993 77954 
36628 25008 7 oZ 
10882 33560 51137 
2249 68618 68481 
329 51652 8i33 

34 56159 43 z °° 

2 60465 74° 

1 4041 4 2 °47 
533 74629 
13 89 8 5° 


41 94303 
1 56863 35501 
291 63425 7475° 

9641 68881 84100 
99896 98579 83405 
4 38264 19991 17305 
9 74195 50199 00400 
12 32006 88117 96900 

9 59340 12973 13460 
4 86425 13089 51100 
1 67216 27734 83930 
40128 25603 41390 
6862 91758 07115 

847 94044 29331 

76 23611 27264 
4 99x69 88803 
23648 85369 
797 8x779 

18 59550 
28336 

253 


83 88607 
4 70632 00806 
1168 10566 34501 

48500 07834 95250 
6 09023 60360 84530 
31 67746 38518 04540 
82 31828 21583 20505 
120 62257 43260 72500 

108 25408 17849 31500 
63 10016 56957 75560 
24 93020 45907 58260 
6 88883 60579 22000 
1 36209 10216 41000 

19582 02422 47080 
2067 71824 65555 
161 09499 36915 
9 24849 25445 
38807 39170 

1169 72779 
24 54606 
33902 
276 


2 43668 
37 02641 
227 83248 
690 22372 
1167 92145 

1203 16339 
802 35590 
362 26262 

114 48507 

25 95811 

4 29939 
52665 
4806 
327 
16 


■si n*;s 

»'979 
12897 3 8SI 

49741 

70000 

29987 *53 
11183 

10929 73° • 

2 X 753 

2 " 5 " 62660 

44 S 7468° 
07848 Ua 6 o 

$5 9 »“ 

4*57 f 5 9« 
6 a 68 S « 5 ° s 

’* ss 

3°° 

J 
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Table XXIII. Orthogonal Polynomials 
(Values from n r = 32 to n! = 75 al "G due to V. Satakopan) 




8 

fi fi fa f* f, 

-7 +7 -7 +7 -7 

-5 + 1 +5 -13 +23 

~3 -3 +7 ~3 -17 

-1 -5 +3 +9 -13 

+ * -S -3 +9 +IS 

+3 -3 -7 “3 +17 

+5 +1 — 5 -*3 -23 

+7 +7 +7 +7 +7 

168 i6j 264 616 2184 

3 1 S A A 


10 ii 12 


fl 

fa 

fa 

f* 

f. 

fl 

f. 

f. 

f« 

f. 

fi 

fl 

fa 

f 4 

fs 

fi 

fs 

fa 

f 4 


0 

—20 

0 

+18 

O 

+1 

“4 

-12 

+ 18 

+6 

0 

-10 

0 

+6 

O 

+1 

-35 

-7 

+ 28 

+20 

+ 1 

-17 

-9 

+9 

+9 

+3 

^3 

- 3 1 

+3 

+ 11 

+1 

-9 

-14 

+4 

+4 

+3 

-29 

-19 

+ 12 

+44 

+ 2 

-8 

-13 

-ri 

+4 

+5 

—I 

-35 

-17 

+ 1 

+2 

-6 

- 3 3 

-1 

+4 

+5 

-i 7 

-2 5 

- J 3 

+29 

+ 3 

+ 7 

-7 

-21 

-11 

+ 7 

+ 2 

-14 

—22 

-14 

+3 

—1 

-22 

-6 

—1 

+ 7 

+ 1 

—21 

-33 

—31 

+ 4 

+28 

+ 14 

+ 14 

+4 

+9 

46 

+42 

+ 18 

+6 

+4 

+6 

-6 

-6 

-6 

+9 

+ 25 

“3 

-27 

-57 











+5 

+IS 

+30 

+6 

+ 3 

+ 11 

+55 

+ 33 

+33 

+33 

60 

2,772 

990 

2,002 

468 

33 ° 

132 

8,58° 

2,860 

780 

IIO 

85S 

4,290 

286 

156 

57 * 

12,012 

5 U 4 S 

S,ooS 

15,913 

I 

3 

« 

(T 

A 

•fV 

2 


# 

A 

tV 

I 

I 

f 

A 

A 

2 

3 

f! 

A 

To 


13 14 15 


fi 

fi 

fi 

f * • 

£'b 

fi 

fi 

fa 

f« 

f 6 

fi 

fa 

fa 

f 4 

fs 

0 

-14 

0 

+ 84 

0 

+1 

-8 

-24 

+ 108 

+ 60 

0 

-56 

0 

+756 

0 

+1 

-13 

-4 

+ 64 

+20 

+3 

-7 

-67 

+ 63 

+ 145 

+ 1 

-53 

-27 

+621 

+675 

+2 

-10 

-7 

+ 11 

+26 

+5 

-5 

“95 

-13 

+ 139 

+ 2 

-44 

-49 

+251 

+ 1000 

+3 

-5 

-S 

-54 

+11 

+ 7 

-2 

-98 

-92 

+ 28 

+ 3 

-29 

-61 
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Table XXIII. Orthogonal Polynomials — continued 
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Table XXIII, Orthogonal Polynomials — continued 
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1 able XXI II. Orthogonal Polynomials — continued 
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Table XXIII. Orthogonal Polynomials — continued 
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Table XXIV. Calculation of Integrals from equally spaced Ordinates 


Each panel over which the integral is required is divided by calculated ordinates into a number of sub-panels, usually 
an even number, and often a power of 2. The formula may involve only internal and terminal ordinates, or also adjacent 
external ordinates. Ordinates equidistant from the centre have equal coefficients. The central coefficient is the last given. 


Number of 
sub-panels. 

No external ordinates. 
Coefficients. 

Divisor. 

One external ordinate. 
Coefficients. 

Divisor. 

2 

r, 4 

6 

-1, 34 , 114 

180 

4 

7 , 3 2 ) I 2 

90 

-4, 171, 612, 332 

1890 

6 

41. 216, 27, 272 

0 

"T- 

CO 

-9, 482, 1908, 774, 2090 

8400 


Equally we may use the central ordinate and its even differences with the following coefficients : 


Number of 
sub-panels. 

8° 

S 2 

8* 

8 s 

S 8 

510 

2 

1 

o- 1§ 

-005 

•00066 1375 

— oooio 141 

•00001 76 

4 

I 

o-6S 

■077 

-•0021 1 6402 

•00022 928 

-•00003 3 1 

6 

1 

1 'S° 

‘ 55 ° 

•04880 9523 

-■00107 *43 

•00010 28 

8 

I 

2-66 

vgii 

•48677 2486 

•03488 S 3 6 

-■00063 28 

10 

I 

4'iS 

4'86i 

2-27843 9153 

•44587 743 

•02683 4 1 


When the number of sub-panels is large, Gregory’s formula, in terms of terminal differences, is valuable: 

r 

J }{ x ) dx — (}/o-h/i+/s ■ • • +/r-l+J/r) 

O 

= - ai (d/ r _ 1 -d/j- fll (dy r - J +dy 0 )- as (d a / r - 3 -4y 0 )-^ 1 /r-i+4%) . . . 

where a T is the coefficient of x T in the expansion of — 1/ log (1 — x ). 


V alues of a x to a 16 


I 

■08333 

5 

•01426 91799 

9 

•00678 585 

13 

•00421 5 

2 

•04166 

6 

•01136 73942 

10 

•00592 406 

14 

■00382 7 

3 

•02638 

7 

•00935 6537 

II 

■ 0052367 

15 

•00350 

4 

•01875 

8 

•00789 2554 

12 

•00467 75 

l6 

•OO32I 
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Table XXV. Logarithms 


1 

O 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

10 

• 00000 

00432 

00860 

01284 

01703 

— 

— 

— 

— 

— 

43 

85 

128 

170 

213 


— 

— 

— 

— 

— 

02119 

02531 

02938 

03342 

03743 

4 i 

81 

122 

162 

203 

II 

•04139 

04532 

04922 

05308 

05690 

— 

— • 

— 

— 

— 

39 

78 

116 

155 

194 




— 

— 

— 

06070 

06446 

06819 

07188 

07555 

37 

74 

in 

148 

186 

12 

•07918 

08279 

08636 

08991 

09342 

— 

— 

— 

— 

— 

36 

7 i 

107 

142 

V 7 8 


— 

— 

— ■ 

— 

— 

09691 

10037 

10380 

10721 

11059 

34 

68 

103 

*37 

171 

13 

' 11 394 

11727 

12057 

123S5 

12710 

— 

— 

— 

— 

— 

33 

66 

99 

132 

164 


— 

— 

— 

— 

— 

13033 

13354 

13672 

13988 

14301 

32 

63 

95 

127 

158 

14 

•14613 

14922 

15229 

15554 

15836 

— 

— 

— 

— 

— 

3 i 

61 

92 

122 

153 


— 

— 

— 

— 

• 

16137 

16435 

16732 

17026 

I 73 I 9 

30 


; 89 

118 

148 

IS 

• 17609 

17898 

18184 

18469 

18752 

— 

— 

— 

— 

— 

29 

57 

86 

1 14 

*43 


— 

; — 

— 

— 

— 

19033 

19312 

i 959 o 

19866 

20140 

28 

55 

83 

hi 

138 

16 

• 20412 

20683 

20952 

21219 

21484 

— 

— 

— ■ 

- — 

— 

27 

54 

80 

107 

*34 


— 

— , 

. — 

— 

— 

21748 

22011 

22272 

22531 

22789 

26 

52 

78 

104 

130 

17 

•23045 

23300 

*3553 

23805 

240SS 

— 

— 

— 

— 

— ■ 

25 

So 

76 

101 

126 


— 

— 

— 

— 

— 

243°4 

2455 1 

24797 

25042 

25285 

25 

49 

74 

98 

123 

18 

■25527 

25768 

26007 

26245 

26482 

— 

— 

— 

— 

— 

24 

48 

72 

96 

xl 9 


— 

— 

— 

— 

— 

26717 

26951 

27184 

27416 

27646 

23 

46 

7 o 

93 

116 

19 

•27875 

28103 

28330 

28556 

28780 

— 

— 

— 

— 

— 

23 

45 

69 

90 

1*3 


— 

— 

— 

— 

• 

29003 

29226 

29447 

29667 

29885 

22 

44 

66 

88 

no 

20 

■30103 

30320 

30535 

30750 

30963 

3 H 75 

31387 

31597 

31806 

32015 

21 

42 

64 

85 

106 

21 

■32222 

32428 

32634 

32838 

33041 

33244 

33445 

33646 

33846 

34044 

20 

40 

61 

81 

IOI 

22 

•34242 

34439 

34635 

34830 

35°25 

35218 

354 i 1 

35603 

35793 

35984 

19 

39 

58 

77 

97 

23 

■36173 

36361 

36549 

36736 

36922 

37107 

37291 

37475 

37658 

37840 

19 

37 

56 

74 

93 

24 

•38021 

38202 

38382 

38561 

38739 

38917 

39094 

39270 

39445 

39620 

18 

36 

53 

7 i 

89 

25 

•39794 

39967 

40140 

40312 

40483 

40654 

40824 

40993 

41162 

41330 

17 

34 

5 i 

68 

85 

26 

•41497 

41664 

41830 

41996 

42160 

42325 

42488 

42651 

42813 

42975 

16 

33 

49 

66 

82 

27 

•43136 

43*97 

43457 

43616 

43775 

43933 

44091 

44248 

44404 

44560 

16 

32 

47 

63 

79 

28 

■44716 

44871 

450*5 

45179 

45332 

45484 

45637 

45788 

45939 

46090 

i 5 

3 i 

46 

61 

76 

29 

■46240 

46389 

46538 

46687 

46835 

46982 

47129 

47276 

47422 

47567 

15 

29 

44 

59 

74 

3 ° 

■47712 

47857 

48001 

48144 

48287 

48430 

48572 

48714 

48S55 

48996 

*4 

29 

43 

5,7 

7 1 

31 

■49136 

49276 

494*5 

49554 

49693 

49831 

49969 

50106 

50243 

50379 

14 

28 

41 

55 

69 

3 2 

•50515 

50651 

50786 

50920 

51055 

51188 

51322 

51455 

51587 

51720 

13 

27 

40 

54 

67 

33 

•51851 

S i 983 

52114 

52244 

52375 

52504 

52634 

52763 

52892 

53 O2 0 

13 

26 

39 

52 

65 

34 

•53148 

53*75 

53403 

53529 

53656 

5378 2 

5390.8 

,54033 

54158 

54283 

13 

25 

38 

5 o 

63 

35 

•54407 

54531 

54654 

54777 

54900 

55023 

S 5 I 4 S 

SS267, 

55388 

555°9 

12 

24 

37 

49 

61 

36 

•55630 

5 S 75 I 

55871 

55991 

56110 

56229 

56348 

56467 

S6585 

56703 

12 

24 

36 

48 

60 

37 

• 56820 

56937 

57054 

S 7 i 7 i 

57287 

57403 

57519 

57634 

57749 

57864 

12 

23 

35 

46 

58 

38 

■57978 

58092 

58206 

58320 

58433 

58546 

58659 

58771 

58883 

58995 

11 

23 

34 

45 

56 

39 

i -59106 

59218 

59329 

59439 

5955 o 

59660 

5977 o 

59879 

59988 

60097 

11 

22 

33 

44 

55 

40 

•60206 

60314 

60423 

60531 

60638 

60746 

60853 

60959 

61066 

61172 

11 

21 

32 

43 

54 

41 

■61278 

61384 

61490 

' 61595 

61700 

61805 

61909 

62014 

62118 

62221 

10 

21 

3 i 

42 

52 

42 

■62325 

62428 

62531 

62634 

62737 

62839 

62941 

63043 

63144 

63246 

10 

20 

3 i 

4 i 

5 i 

43 

•63347 

63448 

63548 

63649 

63749 

63849 

63949 

64048 

64147 

64246 

10 

20 

3 ° 

40 

5 ° 

44 

• 64345 

64444 

64542 

64640 

64738 

64836 

64933 

65031 

65128 

65225 

10 

20 

29 

39 

49 

45 

•65321 

65418 

65514 

65610 

65706 

65801 

65896 

65992 

66087 

66181 

10 

19 

29 

38 

48 

46 

•66276 

66370 

66464 

66558 

66652 

66745 

66839 

66932 

,67025 

67117 

9 

19 

28 

37 

47 

47 

■67210 

67302 

67394 

67486 

67578 

67669 

67761 

67852 

67943 

68034 

9 

18 

27 

37 

46 

48 

•68124 

68215 

68305 

68395 

68485 

68574 

68664 

68753 

68842 

68931 

9 

18 

27 

36 

45 

49 

• 69020 

69108 

69197 

69285 

69373 

69461 

69548 

69636 

69723 

69810 

9 

18 

26 

35 

44 


t io 



Table XXV. Logarithms — continued 


1 

O 

I 

2 

3 

4 

5 

6 . 

7 

8 

9 

I 

2 

3 

4 

5 

5 ° 

■69897 

69984 

70070 

70157 

70243 

70329 

70415 

70501 

70586 

70672 

9 

*7 

26 

34 

43 

St 

■70757 

70842 

70927 

71012 

71096 

71181 

71265 

71349 

71433 

7 VI 7 

8 

*7 

25 

34 

42 

53 

■ 71600 

71684 

71767 

71850 

71933 

72016 

72099 

72181 

72263 

72346 

8 

17 

25 

33 

4 r 

S 3 

■ 72428 

72509 

72591 

72673 

72754 

72835 

72916 

72997 

73078 

73159 

8 

16 

24 

32 

4 i 


• 73 2 39 

7332 C 

73400 

7348 o 

73 S 6 o 

73640 

73719 

73799 

73878 

73957 

8 

16 

24 

32 

40 

55 

■ 74036 

74 H 5 

74194 

74273 

7435 i 

74429 

7450 7 

74586 

74663 

7474 i 

8 

16 

2 3 

31 

39 

56 

■74819 

74896 

74974 

75051 

75128 

75205 

75282 

75358 

75435 

755 1 1 

8 

15 

23 

31 

38 

57 

■ 7 S 587 

75664 

75740 

758 i 5 

75891 

75967 

76042 

76118 

76193 

76268 

8 

15 

23 

3 ° 

38 

58 1 

•76343 

76418 

76492 

76567 

76641 

76716 

76790 

76864 

76938 

77012 

7 

15 

22 

3 ° 

37 

59 

■77085 

77159 

77232 

77305 

77379 

7745 2 

77525 

77597 

77670 

77743 

7 

15 

22 

29 

37 

60 

■77815 

77887 

77960 

78032 

78104 

78176 

78247 

78319 

78390 

78462 

7 

14 

22 

29 

36 

61 

■78533 

78604 

78675 

78746 

78817 

78888 

78958 

79029 

79099 

79169 

7 

14 

21 

28 

35 

62 

■79239 

79309 

79379 

79449 

79518 

79588 

79657 

79727 

79796 

79865 

7 

14 

21 

28 

35 

63 

■79934 

80003 

80072 

80140 

80209 

80277 

80346 

80414 

80482 

80550 

7 

14 

21 

27 

3 t 

64 

■ 80618 

80686 

80754 

80821 

80889 

80956 

81023 

81090 

81158 

81224 

7 

13 

20 

27 

34 

6S 

■81291 

81358 

81425 

81491 

81558 

81624 

81690 

81757 

81823 

81889 

7 

13 

20 

27 

33 

66 

■81954 

82020 

82086 

82151 

82217 

82282 

82347 

82413 

82478 

82543 

7 

13 

20 

26 

33 

67 

•82607 

82672 

82737 

82802 

82866 

82930 

82995 

83059 

83223 

83187 

6 

13 

19 

26 

32 

68 

■83251 

83315 

83378 

83442 

83506 

83S69 

83632 

83696 

83759 

83822 

6 

13 

19 

25 

32 

69 

■8388s 

83948 

84011 

84073 

84136 

84198 

84261 

84323 

84386 

84448 

6 

13 

19 

25 

3 i 

70 

■84510 

84572 

84634 

84696 

84757 

84819 

84880 

84942 

85003 

S5065 

6 

12 

19 

25 

3 i 

7 1 

•85126 

85187 

85248 

85309 

85370 

85431 

85491 

85552 

85612 

85673 

6 

12 

18 

24 

3 ° 

72 

•85733 

85794 

85854 

859 i 4 

85974 

86034 

86094 

86153 

86213 

86273 

6 

12 

18 

24 

3 ° 

73 

■86332 

86392 

86451 

86510 

86570 

86629 

86688 

86747 

86806 

86864 

6 

12 

18 

24 

3 ° 

74 

•86923 

86982 

87040 

87099 

87157 

87216 

87274 

87332 

87390 

87448 

6 

12 

17 

23 

29 

75 

■87506 

875 6 4 

87622 

87679 

87737 

87795 

87852 

87910 

87967 

88024 

6 

12 

17 

23 

20 

76 

■ 88081 

88138 

88195 

88252 

88309 

88366 

88433 

88480 

88536 

88593 

6 

11 

17 

23 

28 

77 

■ 88649 

88705 

88762 

88818 

88874 

88930 

88986 

89042 

89098 

8 9 I 54 

6 

11 

17 

22 

28 

78 

■ 89209 

89265 

89321 

89376 

89432 

89487 

89542 

89597 

89653 

89708 

6 

11 

17 

22 

28 

79 

■89763 

89818 

89873 

89927 

89982 

90037 

9OO9I 

90146 

90200 

90255 

5 

11 

16 

22 

27 

80 

■90309 

90363 

90417 

90472 

90526 

90580 

9 0 634 

90687 

9 ° 74 I 

90795 

5 

11 

16 

22 

27 

81 

■90849 

90902 

90956 

91009 

91062 

91116 

91169 

91222 

91275 

91328 

5 

11 

16 

21 

27 

82 

■91381 

91434 

9^87 

9 iS 4 o 

91593 

9 l6 45 

91698 

9 i 75 i 

91803 

9 lS 55 

5 

11 

16 

21 

26 

83 

•91908 

91960 

92012 

92065 

92117 

92169 

92221 

92273 

92324 

92376 

5 

10 

16 

21 

26 

84 

■ 92428 

92480 

9253 1 

92583 

92634 

92686 

92737 

92788 

92840 

92891 

5 

10 

IS 

21 

26 

85 

•92942 

92993 

93044 

93095 

93146 

93197 

93247 

93298 

93349 

93399 

5 

10 

15 

20 

25 

86 

•93450 

935 oo 

93551 

93601 

93651 

93702 

93752 

93802 

93852 

93902 

5 

10 

15 

20 

25 

87 

• 939 S 2 

94002 

94052 

94IOI 

94 i 5 i 

94201 

94250 

94300 

94349 

94399 

5 

10 

i 5 

20 

25 

88 

• 94443 

94498 

94547 

94596 

94645 

94694 

94743 

94792 

94841 

94890 

5 

10 

15 

20 

25 

89 

•94939 

94988 

95036 

95085 

95134 

95 i8 2 

9523 1 

95279 

95328 

95376 

5 

10 

IS 

19 

24 

90 

■95424 

95472 

95521 

95569 

95617 

95665 

95713 

95761 

95809 

95856 

5 

10 

14 

19 

24 

91 

•95904 

95952 

95999 

96047 

96095 

96142 

96190 

96237 

96284 

96332 

5 

10 

14 

19 

24 

9 2 

•96379 

96426 

96473 

96520 

96567 

96614 

96661 

96708 

96755 

96802 

5 

9 

14 

19 

24 

93 

•96848 

96895 

96942 

96988 

97035 

97081 

97128 

97 x 74 

97220 

97267 

5 

9 

14 

19 

23 

94 

•97313 

97359 

97405 

9745 1 

97497 

97543 

97589 

97635 

97681 

97727 

5 

9 

14 

18 

23 

95 

-97772 

97818 

97864 

97909 

97955 

98000 

98046 

98091 

98137 

98182 

5 

9 

14 

18 

23 

96 

•98227 

98272 

98318 

98363 

98408 

98453 

98498 

98543 

98588 

98632 

4 

9 

14 

18 

22 

97 

•98677 

98722 

98767 

98811 

98856 

98900 

98945 

98989 

99°34 

99078 

4 

9 

13 

18 

22 

98 

•99123 

99167 

992II 

■99255 

99300 

99344 

99388 

9943 2 

99476 

99520 

4 

9 

13 

18 

22 

99 

•99564 

99607 

9965 1 

99695 

99739 

99782 

90826 

99870 

99913 

99957 

4 

9 

13 

17 

22 


iii 



Table XXVI. Natural Logarithms 
Negative Values, Decreasing 



0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

000 


9-2103 

8-5x72 

8-1117 

7-8240 

7-6009 

7-4186 

7-2644 

7-1309 

7-0131 






'OOI 

6-90776 

81245 

72543 

64539 

57128 

50229 

43775 

37713 

3 X 997 

26590 






•002 

6-21461 

16582 

1 1930 

o 74 8 5 

03229 

99x46 

95224 

91450 

87814 

84304 






•003 

5-80914 

77635 

74460 

71383 

68398 

65499 

62682 

59942 

57275 

54678 

For intermediate values 

•004 

5 -52 146 

49677 

47267 

44914 

42615 

40368 

38170 

36019 

339x4 

31852 

use 

other parts ol the 

•005 

5-29832 

27851 

25910 

24005 

22136 

2030X 

18499 

16729 

14990 

13280 

table, taking log e » 
lo e: . 1 0 % — 1 0 - 1 0 ^ . 

= 

•O06 

5-11600 

09947 

08321 

06721 

05146 

03595 

02069 

00565 

99083 

97623 






•007 

4-96185 

94766 

93367 

91988 

90628 

89285 

87961 

86653 

85363 

84080 






•008 

4-82831 

81589 

80362 

79x50 

7795 2 

76769 

75599 

74443 

733 oo 

72170 






-009 

4 ‘ 7 10 53 

69948 

68855 

67774 

66705 

65646 

64599 

63563 

62537 

61522 






•OIO 

4-60517 

59522 

58537 

S 7 S 6 i 

56595 

55638 

54690 

53751 

52821 

51899 






•on 

4-50986 

50081 

49184 

4829s 

47414 

4654X 

45675 

44817 

43966 

43122 






•012 

4-42285 

4 H 55 

40632 

39816 

39006 

38203 

37406 

366x5 

3583 1 

35053 






•013 

4-34281 

335 X 4 

32754 

31999 

31250 

30507 

29769 

29036 

28309 

27587 






■OI4 

O 

CO 

'O 

(N 

Td- 

26158 

25451 

24750 

24053 

23361 

22673 

21991 

21313 

20639 






■015 

4-19971 

19306 

18646 

17990 

17339 

16692 

16048 

15409 

14775 

14144 






•Ol6 

4' i 3S i 7 

12894 

12274 

11659 

1 1047 

10439 

09835 

09235 

08638 

08044 






•017 

4-07454 

06868 

06285 

0570S 

05129 

04555 

03986 

03419 

02856 

02295 






•Ol8 

4-01738 

01184 

00633 

00085 

99540 

98998 

98459 

97923 

97390 

96859 






•OI9 

3-96332 

95807 

95284 

94765 

94248 

93734 

93223 

927x4 

92207 

91704 






■020 

3-91202 

90704 

90207 

89713 

89222 

88733 

88246 

87762 

87280 

86801 

49 

98 

147 

196 

244 

■021 

3-86323 

85848 

85375 

84905 

84436 

83970 

83506 

83044 

82585 

82127 

47 

93 

140 

186 

233 

■022 

3-81671 

81218 

80766 

80317 

79869 

79424 

78981 

7 8 539 

78099 

77662 

45 

89 

134 

178 

223 

■023 

3-77226 

76792 

76360 

75930 

75502 

7 S °75 

7465 X 

74228 

73807 

73388 

43 

85 

128 

171 

213 

■024 

3-72970 

72554 

72140 

71728 

71317 

70908 

70501 

70095 

69691 

69289 

41 

82 

123 

164 

204 

•025 

3-68888 

68489 

68091 

67695 

67301 

66908 

66516 

66126 

65738 

65351 

39 

79 

xi8 

157 

196 

•026 

3-64966 

64582 

64200 

63819 

63439 

63061 

62684 

62309 

61935 

61563 

38 

76 

113 

X 5 i 

189 

•02 7 

3-61192 

60822 

60454 

60087 

59721 

59357 

58994 

58632 

58Z7Z 

57913 

36 

72 

109 

146 

182 

■028 

3-57555 

57199 

56843 

56489 

56137 

55785 

55435 

55086 

54738 

54391 

35 

70 

105 

141 

176 

•029 

3-54046 

S 37°2 

53359 

53017 

52676 

52337 

5x998 

51661 

S1325 

50990 

34 

68 

102 

136 

170 

■030 

3-50656 

50323 

49991 

49661 

49331 

49003 

48676 

48349 

48024 

47700 

33 

66 

99 

131 

164 

■03I 

3-47377 

47055 

46734 

46414 

46095 

45777 

45460 

45144 

44829 

44515 

32 

64 

95 

127 

i 59 

•032 

3-44202 

43890 

43579 

43269 

42960 

42652 

42344 

42038 

41733 

41428 

31 

62 

92 

123 

154 

■033 

3-41125 

40822 

40521 

40220 

39920 

39621 

39323 

39026 

38729 

38434 

30 

60 

90 

120 

150 

•034 

3 - 38 i 39 

37846 

37553 

37261 

36970 

36680 

36390 

3610Z 

35814 

35527 

29 

58 

87 

116 

i 45 

•035 

3 - 3524 I 

34955 

34671 

34387 

34104 

33822 

3354 X 

33260 

32981 

32702 

28 

56 

85 

1x3 

141 

O36 

3'32424 

32146 

31870 

31594 

31319 

31044 

30771 

30498 

30226 

29954 

27 

55 

82 

no 

137 

•037 

3-29684 

29414 

29145 

28876 

28608 

28341 

28075 

27810 

27545 

27280 

27 

53 

80 

107 

134 

■O38 

3-27017 

26754 

26492 

26231 

25970 

25710 

2545 ° 

25192 

24934 

24676 

26 

52 

78 

104 

130 

•039 

3-24419 

24163 

23908 

23653 

23399 

23145 

22893 

22640 

22389 

22138 

25 

5 i 

76 

IOI 

127 

■04O 

3-21888 

21638 

21389 

2 1 140 

20893 

20645 

20399 

20153 

19907 

19663 

25 

49 

74 

99 

124 

•O4I 

3-19418 

X 9 I 75 

18932 

18689 

18447 

18206 

17966 

17725 

17486 

17247 

24 

48 

72 

96 

121 

■042 

3-17009 

16771 

16534 

16297 

16061 

15825 

15590 

15356 

15122 

14888 

24 

47 

7 i 

94 

118 

■043 

3-14656 

14423 

14191 

13960 

13730 

13499 

13270 

13041 

12812 

12584 

23 

46 

69 

92 

115 

‘°44 

3-12357 

12130 

11903 

11677 

1x452 

11227 

1 1002 

10778 

xo 555 

X0332 

22 

45 

68 

90 

112 

‘°45 

3-10109 

09887 

09666 

09445 

09224 

09004 

08785 

08566 

o 8347 

08x29 

22 

44 

66 

88 

110 

•046 

3-07911 

07694 

07478 

07261 

07046 

06830 

06615 

06401 

06187 

05974 

22 

43 

65 

86 

108 

•047 

3-05761 

05548 

05336 

05124 

04913 

04703 

O4492 

04282 

04073 

03864 

21 

42 

63 

84 

105 

■048 

3-03655 

03447 

03240 

03032 

02826 

02619 

O2413 

02208 

02002 

01798 

21 

41 

62 

83 

103 

•049 

3-0X593 

01390 

01186 

00983 

00780 

00578 

OO376 

00175 

99974 

99773 

20 

4° 

61 

81 

IOI 


log, 10 = 2-30259, log, 100 = 4-60517, log, 1000 = 6-90776 
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Table XXVI. Natural Logarithms — continued. 


Negative Values, Decreasing 



0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

1 

2 

3 

4 

5 

•050 

2-99573 

99373 

99274 

98975 

98776 

98578 

98380 

98183 

97986 

97789 

20 

40 

59 

79 

99 

•051 

2-97593 

97397 

97202 

97006 

96812 

96617 

96423 

96230 

96037 

95844 

19 

39 

58 

78 

97 

•052 

2-95651 

95459 

95267 

95076 

94885 

94694 

94504 

94314 

94 X 24 

93935 

19 

38 

57 

76 

95 

•053 

2-93746 

93558 

93370 

93182 

92994 

92807 

92621 

92434 

92248 

92062 

19 

37 

56 

75 

94 

■054 

2-91877 

9x692 

9 ! 5°7 

91323 

9 II 39 

90955 

90772 

90589 

90407 

90224 

18 

37 

55 

73 

92 

■05s 

2-90042 

89861 

89679 

89498 

89318 

89x37 

88957 

88778 

88598 

88419 

18 

36 

54 

72 

90 

•056 

2-88240 

88062 

87884 

87706 

87529 

87351 

87175 

86998 

86822 

86646 

18 

35 

53 

7 i 

89 

■°S 7 

2-86470 

86295 

86120 

85945 

85771 

85597 

85423 

85250 

85077 

84904 

17 

35 

52 

70 

87 

•058 

2-84731 

84559 

84387 

84215 

84044 

83873 

83702 

83532 

833S1 

83191 

17 

34 

51 

68 

86 

•°59 

2-83022 

82852 

82683 

82515 

82346 

82178 

82010 

81842 

81675 

81508 

17 

34 

50 

67 

84 

•060 

2-81341 

8117s 

81008 

80842 

80677 

S0511 

80346 

80181 

80017 

79852 

17 

33 

50 

66 

83 

•061 

2-79688 

79524 

79361 

79198 

79035 

78872 

78709 

78547 

78385 

78224 

1 6 

33 

49 

65 

81 

•062 

2-78062 

77901 

77740 

77579 

77419 

77259 

77099 

76939 

76780 

76621 

16 

32 

48 

64 

80 

■063 

2-76462 

76303 

76145 

75987 

75829 

75672 

75514 

75357 

75200 

75044 

16 

32 

47 

63 

79 

■064 

2-74887 

74731 

74575 

74420 

74264 

74109 

73954 

73799 

73645 

73491 

16 

31 

47 

62 

78 

•065 

2-73337 

73183 

73030 

72876 

72723 

72571 

72418 

72266 

721x4 

71962 

15 

3 i 

46 

6l 

76 

•066 

2-71810 

71659 

7 IS 07 

71357 

71206 

71055 

70905 

70755 

70605 

70456 

15 

30 

45 

60 

75 

■067 

2-70306 

70x57 

70008 

69860 

69711 

69563 

69415 

69267 

69x19 

68972 

15 

30 

44 

59 

74 

•068 

2-68825 

68678 

68531 

68385 

68238 

68092 

67946 

67801 

67655 

67510 

IS 

29 

44 

58 

73 

•069 

2-67365 

67220 

67075 

66931 

66787 

66643 

66499 

66355 

66212 

66069 

X 4 

29 

43 

58 

72 

•070 

2-65926 

65783 

65641 

65498 

65356 

65214 

65073 

64931 

64790 

64648 

14 

28 

43 

57 

7 i 

•071 

2-64508 

64367 

64226 

64086 

63946 

63806 

63666 

63526 

63387 

63248 

14 

28 

42 

56 

70 

•072 

2-63109 

62970 

62832 

62693 

62555 

62417 

62279 

62141 

62004 

61867 

14 

28 

41 

55 

69 

•073 

2-61730 

6x593 

61456 

61319 

61183 

6x047 

6091 1 

60775 

60640 

60504 

14 

27 

4 ! 

54 

68 

■074 

2-60369 

60234 

60099 

59964 

59830 

59696 

59 S 6 i 

5 942 8 

59294 

59160 

13 

27 

40 

54 

67 

•°75 

2-59027 

58893 

58760 

58628 

58495 

58362 

5823° 

58098 

57966 

57834 

13 

27 

40 

53 

66 

■076 

2-57702 

57571 

57439 

573 o 8 

57177 

57046 

56916 

56785 

56655 

56525 

13 

26 

39 

52 

65 

•077 

2 - 5 6 395 

56265 

56136 

56006 

55877 

55748 

55619 

5549 ° 

5536 i 

55233 

13 

26 

39 

52 

65 

•078 

2-55105 

54977 

54849 

5472 i 

54593 

54466 

54338 

54211 

54084 

53957 

13 

25 

38 

5 i 

64 

• 079 

2 - 5383 1 

53704 

53578 

53452 

53326 

53200 

53074 

52949 

52823 

52698 

13 

25 

38 

5 ° 

63 

•080 

2-52573 

52448 

52323 

52199 

52074 

5 X 950 

51826 

51702 

51578 

51454 

12 

25 

37 

50 

62 

■081 

2 - 5 I 33 1 

51207 

51084 

50961 

50838 

50715 

50593 

50470 

50348 

50226 

12 

25 

37 

49 

6l 

•082 

2’ 50 1 04 

49982 

49860 

49738 

49617 

49496 

49375 

492 54 

49133 

49012 

12 

24 

36 

49 

6l 

■083 

2-48891 

48771 

4S651 

48531 

484 IX 

48291 

48171 

48052 

47932 

47813 

12 

24 

36 

48 

60 

•084 

2-47694 

47575 

47456 

47337 

47219 

47100 

46982 

46864 

46746 

46628 

12 

24 

36 

47 

59 

■085 

2-46510 

46393 

46275 

46158 

46041 

45924 

45807 

45690 

45574 

45457 

12 

23 

35 

47 

58 

■086 

2-4534! 

45225 

45x09 

44993 

44877 

44761 

44646 

44530 

44415 

44300 

12 

23. 

35 

46 

58 

•087 

2-44185 

44070 

43955 

43840 

43726 

43612 

43497 

43383 

43269 

43 i 5 6 

II 

2 3 

34 

46 

57 

■088 

2-43042 

42928 

42815 

42702 

42588 

42475 

42362 

42250 

42 X 37 

42024 

II 

23 

34 

45 

56 

■089 

2*41912 

41800 

41687 

41575 

41463 

41352 

41240 

41128 

41017 

40906 

II 

22 

34 

45 

56 

•O9O 

2-40795 

40684 

40573 

40462 

40351 

40241 

40130 

40020 

39910 

39800 

II 

22 

33 

44 

55 

■091 

2-39690 

3958 o 

3947 ° 

39360 

39251 

39x42 

39032 

3 8 923 

38814 

38705 

II 

22 

33 

44 

55 

■092 

2-38597 

38488 

3S380 

38271 

38163 

38055 

37947 

37839 

3773 i 

37623 

II 

22 

3 2 

43 

54 

■093 

2-37516 

37408 

37301 

37194 

37086 

36979 

36872 

36766 

36659 

36552 

II 

21 

32 

43 

54 

•094 

2-36446 

36340 

36234 

36127 

36021 

359 x 6 

358 io 

35704 

35599 

35493 

II 

21 

32 

42 

53 

•°95 

2-35388 

35283 

35178 

35073 

34968 

34863 

34758 

34654 

34549 

34445 

IO 

21 

3 ! 

42 

52 

■096 

2-34341 

34237 

34133 

34029 

33925 

33821 

337 x 8 

33614 

335 X 1 

33408 

10 

21 

31 

4 i 

S® 

•097 

2-33304 

33 2 oi 

33098 

32996 

32893 

32790 

32688 

32585 

32483 

32381 

10 

21 

3 1 

4 i 

5 i 

•098 

2-32279 

32177 

32075 

31973 

31871 

3x770 

31668 

31567 

31466 

31365 

10 

• 20 

' 3 ° 

4 i 

5 i 

•099 

2-31264 

31163 

31062 

30961 

30860 

30760 

30659 

30559 

30459 

30359 

10 

1 20 

, 30 

40 

1 50 


log, 10,000= 9-21034, log, 100,000 = 11-51293, log, 1,000,000 = 13-81551 



Table XXVI. Natural Logarithms — continued 


Negative Values, Decreasing 



O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

-10 

2*30259 

29263 

28278 

27303 

26336 

— 

— 

— 

— 

— 

98 

196 

294 

392 

4 Q 0 


— 

— 

— 

— 

— 

25379 

24432 

23493 

22562 

21641 

93 

187 

280 

374 

407 

•II 

2*20727 

19823 

18926 

18037 

17156 

— 

— 

— 

— 

— 

89 

179 

268 

357 

446 


— 

— 

— 

— 

— 

16282 

15417 

14558 

13707 

12863 

85 

171 

256 

342 

427 

• 12 

2*12026 

11196 

10373 

09557 

08747 

— 

— 

— 

— 

— 

82 

164 

246 

328 

410 


— 

— 

— 

— 

— 

07944 

07147 

06357 

05573 

04794 

79 

158 

236 

315 

394 

-I 3 

2'04022 

03256 

02495 

01741 

00992 

— 

— 

— 

— 

— 

76 

15 2 

227 

303 

379 


— 

— 

— 

— 

— 

00248 

995 10 

98777 

98050 

9732 s 

73 

146 

219 

292 

365 

•14 

1*96611 

95900 

95193 

94491 

93794 

— 

— 

— 

— 

— 

70 

141 

2 1 1 

282 

352 


— 

— 

— 

— 

— 

93102 

92415 

91732 

91054 

90381 

68 

136 

204 

272 

340 

■is 

1*89712 

89048 

88387 

87732 

87080 

— 

— 

— 

— 

— 

66 

132 

197 

263 

329 


— 

— 

— 

— 

— 

86433 

85790 

85151 

84516 

83885 

64 

127 

191 

255 

318 

■16 

1-83258 

82635 

82016 

81401 

80789 

— 

— 

— 

— 

— 

62 

123 

185 

247 

309 


— 

— 

— 

— 

— 

801 8 1 

79577 

78976 

78379 

77786 

60 

120 

180 

240 

299 

•17 

1*77196 

76609 

76026 

75446 

74870 

— 

— 

— 

— 

— 

58 

Il6 

174 

233 

291 


— 

— 

— 

— 

— 

74297 

73727 

73161 

7 2 597 

72037 

56 

113 

170 

226 

282 

•18 

1*71480 

70926 

70375 

69827 

69282 

— 

— 

— 

— 

— 

55 

no 

165 

220 

275 


— 

— 

— 

— 

— 

68740 

68201 

67665 

67131 

66601 

53 

107 

160 

214 

267 

•19 

1*66073 

65 S 4 8 

65026 

64507 

63990 

— 

— 

— 

— 

— 

52 

104 

156 

208 

260 


— 

— 

— 

— 

— 

63476 

62964 

62455 

61949 

6 i 445 

5 i 

102 

152 

203 

2 54 

*20 

1*60944 

60445 

59949 

59455 

58964 

58475 

57988 

57504 

57022 

56542 

49 

98 

147 

196 

245 

•21 

1*56065 

5559 ° 

55117 

54646 

54178 

S 37 I 2 

53248 

52786 

52326 

51868 

47 

93 

140 

187 

233 

*22 

1-51413 

5 ° 9 S 9 

50508 

5 0O 58 

496x1 

49165 

48722 

48281 

47841 

47403 

45 

89 

134 

178 

223 

•2j 

1*46968 

46534 

46102 

45672 

45243 

44817 

4439 2 

43970 

43548 

43129 

43 

85 

128 

171 

2x3 

•24 

1*42712 

42296 

41882 

41469 

41059 

40650 

40242 

39837 

39433 

39030 

41 

82 

123 

164 

205 

• 2 S 

1*38629 

38230 

37833 

37437 

37042 

36649 

36258 

35868 

3548 o 

35093 

39 

79 

118 

157 

196 

•26 

1*34707 

34323 

33941 

3356 o 

33 i 8 i 

32803 

32426 

32051 

31677 

3 i 3 0 4 

38 

76 

113 

151 

189 

■27 

1-30933 

30564 

30195 

29828 

29463 

29098 

28735 

28374 

28013 

27654 

36 

73 

109 

146 

182 

*28 

I*272g7 

26940 

26585 

26231 

25878 

255 2 7 

25x76 

24827 

24479 

24133 

35 

70 

105 

141 

176 

• 39 . 

1*23787 

2 3443 

23IOO 

22758 

22418 

22078 

21740 

21402 

21066 

20731 

34 

68 

102 

136 

170 

• 3 ° 

1*20397 

20065 

19733 

19402 

19073 

18744 

18417 

18091 

17766 

i 744 i 

33 

66 

99 

131 

164 

•'31 

1*17118 

16796 

16475 

16155 

15836 

15518 

15201 

14885 

i 457 o 

14256 

32 

64 

95 

127 

159 

•32 

i - 13943 

13631 

13320 

13010 

I270I 

12393 

12086 

1x780 

11474 

11170 

3 i 

62 

92 

123 

154 

•33 

i* 10866 

10564 

10262 

09961 

09661 

09362 

09064 

08767 

08471 

08176 

30 

60 

90 

120 

149 

•34 

1*07881 

07587 

07294 

07002 

06711 

06421 

06132 

05843 

05555 

05268 

29 

58 

87 

116 

145 

■35 

1*04982 

04697 

O4412 

04129 

03846 

03564 

03282 

03002 

02722 

02443 

28 

56 

85 

113 

141 

■36 

1*02165 

01888 

016x1 

oi 335 

01060 

00786 

00512 

OO239 

99967 

99696 

27 

55 

82 

no 

137 

•37 

0*99425 

99155 

98886 

98618 

98350 ■ 

98083 

97817 

9755 i 

97286 

97022 

27 

53 

80 

107 

134 

•38 

0*96758 

96496 

96233 

95972 

957 H 

9545 i 

95192 

94933 

94675 

94418 

26 

52 

78 

104 

130 

•39 

0*94161 

93905 

93649 

93395 

93140 

92S87 

92634 

92382 

92130 

91879 

25 

5 i 

76 

101 

127 

•40 

0*91629 

91379 

91130 

90882 

90634 

90387 

90140 

89894 

89649 

894.04 

25 

49 

74 

99 

124 

■ 4 i 

089160 

88916 

88673 

88431 

88189 

87948 

87707 

87467 

87227 

86988 

24 

48 

72 

96 

1 21 

■42 

0*86750 

86512 

86275 

86038 

85802 

85567 

85332 

85097 

84863 

84630 

24 

47 

71 

94 

Il8 

•43 

: 0:84397 

84165 

83933 

83702 

83471 

83241 

83011 

82782 

82554 

82326 

23 

46 

69 

92 

115 

■44 

j 0*82098 

81871 

81645 

81419 

81x93 

80968 

80744 

80520 

80296 

80073 

22 

45 

68 

90' 

112 

•45 

1 0*79851 

79629 

79407 

79186 

78966 

78746 

78526 

78307 

78089 

77871 

22 

44 

66 

88 

no 

•46 

1 0*77653 

77436 

77219 

77003 

76787 

76572 

76357 

76143 

75929 

7 S 7 I 5 

22 

43 

- 65 

, 86 

108 

•47 

0*75502 

75290 

75078 

74866 

74655 

74444 

74234 

74024 

73814 

73605 

21 

42 

63 

S 4 

105 

•48 

0-73397 

73189 

72981 

72774 

72567 

72361 

72 X 55 

71949 

71744 

71539 

21 

4i 

■ 62 

83 

103 

"49 

1 0-71335 

71131 

70928 

70725 

70522 

70320 

70118 

69917 

69716 

69515 

20 

40 

61 

81 

101 


log, 10 — 2*30259, log, 100 = 4*60517, log, tooo = 6*90776 



Table XXVI. Natural Logarithms— continued 
Negative Values, Decreasing 



0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

•50 

0-69315 

69115 

68916 

68717 

68518 

68320 

68122 

67924 

67727 

67531 

20 

40 

59 

79 

99 

•51 

0-67334 

67139 

66943 

66748 

66553 

66359 

66165 

65971 

65778 

65585 

19 

39 

58 

78 

97 

•52 

0-65393 

65201 

65009 

64817 

64626 

64436 

64245 

64055 

63866 

63677 

19 

38 

57 

76 

95 

'S 3 

o- 63488 

63299 

63m 

62923 

62736 

62549 

62362 

62176 

61990 

61804 

19 

37 

56 

75 

94 

'54 

0-61619 

61434 

61249 

61065 

60881 

60697 

60514 

60331 

60148 

59966 

18 

37 

55 

73 

92 

■55 

0-59784 

59602 

59421 

59240 

59059 

58879 

58699 

58519 

58340 

58161 

18 

36 

54 

72 

90 

■56 

0-57982 

57803 

57625 

57448 

57270 

57°93 

56916 

56740 

56563 

56387 

18 

35 

53 

7 i 

89 

'57 

0-56212 

56037 

55862 

55687 

S 55 I 3 

55339 

55165 

54991 

S4818 

S4645 

17 

35 

52 

70 

87 

•S 3 

Q -54473 

54300 

54128 

53957 

53785 

53614 

53444 

53273 

53103 

52933 

17 

34 

5 i 

68 

86 

•59 

0-52763 

52594 

52425 

52256 

52088 

51919 

5 I 75 I 

51584 

51416 

51249 

17 

34 

5 ° 

67 

84 

‘60 

0-51083 

50916 

50750 

50584 

50418 

50253 

50088 

49923 

49758 

49594 

17 

33 

5 ° 

66 

83 

•6i 

0-49430 

49266 

49102 

48939 

48776 

48613 

48451 

48289 

48127 

47965 

l6 

33 

49 

65 

81 

■62 

0-47804 

47642 

47482 

47321 

47160 

47000 

46840 

46681 

46522 

46362 

l6 

32 

48 

64 

80 

■63 

0-46204 

46045 

45887 

45728 

45 S 7 I 

45413 

45256 

45099 

44942 

44785 

l6 

32 

47 

63 

79 

•64 

0-44629 

44473 

44317 

44161 

44006 

43850 

43696 

43541 

43386 

43232 

l6 

3 i 

47 

62 

78 

■6S 

0-43078 

42925 

42771 

42618 

42465 

42312 

42159 

42007 

41855 

41703 

15 

3 i 

46 

6l 

76 

■65 

o- 4 iSS 2 

414OO 

41249 

41098 

40947 

40797 

40647 

40497 

40347 

40197 

15 

30 

45 

60 

75 

•67 

0-40048 

39899 

39750 

39601 

39453 

39304 

39 X 56 

39008 

38861 

38713 

15 

30 

44 

59 

74 

■68 

0-38566 

38419 

38273 

38126 

37980 

37834 

37688 

37542 

37397 

37251 

15 

29 

44 

58 

73 

■69 

0-37106 

36962 

36817 

36673 

36528 

36384 

36241 

36097 

35954 

35810 

14 

29 

43 

58 

72 

■70 

0-35668 

35525 

35382 

3S240 

35098 

34956 

348 x 4 

34672 

34531 

34390 

14 

28 

43 

57 

71 

•71 

0-34249 

34108 

33968 

33827 

33687 

33547 

334 o 8 

33268 

33129 

32989 

14 

28 

42 

56 

70 

■72 

0-32850 

32712 

32573 

32435 

32296 

32158 

32021 

31883 

31745 

31608 

14 

28 

4 i 

55 

69 

■73 

0-31471 

31334 

31x97 

31061 

30925 

30788 

30653 

30517 

30381 

30246 

14 

27 

4 i 

54 

68 

'74 

0-30III 

29975 

29841 

29706 

29571 

29437 

29303 

29169 

29035 

28902 

13 

27 

40 

54 

67 

■75 

0-28768 

28635 

28502 

28369 

28236 

28104 

27971 

27839 

27707 

27575 

13 

27 

40 

53 

66 

•76 

0-27444 

27312 

27181 

27050 

26919 

26788 

26657 

26527 

26397 

26266 

13 

26 

39 

52 

65 

■77 

0-26136 

26007 

25877 

25748 

25618 

25489 

25360 

25231 

25x03 

24974 

13 

26 

39 

52 

65 

•78 

o- 24846 

24718 

24590 

24462 

24335 

24207 

24080 

23953 

23826 

23699 

13 

25 

38 

5 i 

64 

■ 79 

0-23572 

23446 

23319 

23193 

23067 

22941 

22816 

22690 

22565 

22439 

13 

25 

38 

5 ° 

63 

■80 

0*223X4 

22189 

22065 

21940 

21816 

21691 

21567 

21443 

21319 

21196 

12 

25 

37 

5 ° 

62 

•81 

0’2I072 

20949 

20825 

20702 

20579 

20457 

20334 

20212 

20089 

19967 

12 

25 

37 

49 

6l 

■82 

0-19845 

19723 

19601 

19480 

I 935 8 

19237 

19116 

1899s 

18874 

18754 

12 

24 

36 

49 

6i 

■83 

0-18633 

18513 

18392 

18272 

18152 

18032 

I 79 I 3 

17793 

17674 

17555 

12 

24 

36 

48 

60 

•84 

0-17435 

17316 

17198 

17079 

16960 

16842 

16724 

16605 

16487 

16370 

12 

24 

36 

47 

59 

■85 

0-16252 

16x34 

16017 

15900 

15782 

15665 

15548 

15432 

I 53 I 5 

I 5 I 99 

12 

23 

35 

47 

58 

•86 

0-15082 

14966 

14850 

14734 

146x8 

i 45°3 

14387 

14272 

14156 

1 404 1 

12 

23 

35 

46 

58 

•87 

0-13926 

138x1 

13697 

13582 

13467 

13353 

X3239 

13x25 

130x1 

12897 

II 

23 

34 

46 

57 

•88 

0-12783 

12670 

12556 

12443 

12330 

12217 

1 2 IO4 

11991 

11878 

11766 

II 

23 

34 

45 

56 

•89 

0-11653 

11541 

II429 

11317 

11205 

1 1093 

10981 

10870 

io 759 

10647 

II 

22 

34 

45 

56 

•90 

0-10536 

10425 

10314 

10203 

10093 

09982 

09872 

09761 

09651 

09541 

11 

22 

33 

44 

55 

■91 

0-09431 

09321 

09212 

09102 

08992 

08883 

08774 

08665 

0S556 

08447 

II 

22 

33 

44 

55 

•92 

0-08338 

08230 

o3i2i 

08013 

07904 

07796 

07688 

07580 

07472 

07365 

II 

22 

32 

43 

54 

•93 

0-07257 

07150 

07042 

06935 

06828 

06721 

06614 

06507 

06401 

06294 

II 

21 

32 

43 

54 

•04 

0-06188 

06081 

05975 

05869 

05763 

05657 

05551 

05446 

05340 

05235 

II 

21 

32 

42 

53 

•95 

0-05129 

05024 

04919 

04814 

O47O9 

04604 

04500 

04395 

04291 

04186 

10 

21 

3 i 

42 

52 

•96 

0-04082 

03978 

03874 

03770 

03666 

03563 

03459 

03356 

03252 

03149 

10 

21 

3 i 

4 i 

52 

■97 

0-03046 

02943 

02840 

02737 

02634 

02532 

O2429 

02327 

02225 

02122 

10 

21 

3 i 

4 i 

51 

•98 

0*02020 

01918 

01816 

0x715 

01613 

015x1 

OI4I0 

01309 

01207 

01106 

10 

20 

3 ° 

4 i 

51 

•99 

0-01005 

OO9O4 

00803 

00702 

00602 

00501 

OO40I 

OO3OO 

00200 

OOIOO 

10 

20 

30 

40 

50 


log, 10,000 = 9-21034,, log, 100,000 = 11-51293, log, 1,000,000 =^‘13-81551 

1 1-5 



Table XXVI. Natural Logarithms — continued 



0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

ro 

O' 00000 

00995 

01980 

02956 

03922 

— 

— 

— 

— 

— 

98 

196 

294 

392 

490 





— 

— 

— 

04879 

05827 

06766 

07696 

08618 

93 

187 

280 

374 

467 

x* 1 

0-09531 

10436 

“333 

12222 

I 3 I0 3 

— 

— 

— 

— 

— 

89 

179 

268 

357 

446 




— 

— , 

— 

— 

13976 

14842 

15700 

16551 

17395 

8 5 

171 

256 

342 

427 

v 2 

0-18232 

19062 

19885 

20701 

21511 

— 

— 

— 

— 

— 

82 

164 

246 

328 

410 


— 

— 

— 

— 

— 

22314 

23m 

23902 

24686 

25464 

79 

158 

236 

3 i 5 

394 

i- 3 

0-26236 

27003 

27763 

28518 

29267 

— 

— 

— 

— 



76 

152 

227 

303 

379 


— 

— 

— 

— 

— 

30010 

30748 

31481 

32208 

32930 

73 

146 

219 

292 

365 

1-4 

o- 33 6 47 

34359 

35°66 

35767 

36464 

— 

— 

— 

— 

— 

70 

141 

2 1 1 

282 

352 



— 

— 

— 

— 

37 1 56 

37844 

38526 

39204 

39878 

6B 

136 

204 

272 

340 

i -5 

0-40547 

4 I 2 II 

41871 

42527 

4317S 

— 

— 

— 

— 

— 

66 

132 

197 

263 

329 


— 

— 

— 

— 

— 

43825 

44469 

45108 

45742 

46373 

64 

127 

191 

255 

318 

i* 6 

0-47000 

47623 

48243 

48858 

49470 

— 

— 

— 

— 

— 

62 

124 

185 

247 

309 


— 

— 

— 

— 

— 

50078 

50682 

51282 

51879 

52473 

60 

120 

180 

240 

299 

i -7 

0-53063 

53649 

54232 

54812 

55389 

— 

— 

— 

— 

— 

58 

ii 6 

174 

233 

291 


— 

— 

— 

— 

— 

55962 

56531 

57098 

57661 

58222 

56 

113 

169 

226 

282 

i-8 

0-58779 

59333 

59884 

60432 

60977 

— 

— 

— 

— 

— 

55 

no 

165 

220 

275 


— 

— 

— 

— 

— 

61519 

62058 

62594 

63127 

63658 

53 

107 

160 

214 

267 

r ‘ 9 

o- 64185 

64710 

65233 

65752 

66269 

— 

— 

— 

— 

— 

S 2 

104 

156 

208 

260 


— 

— 

— 

— 

— 

66783 

67294 

67803 

68310 

68813 

5 i 

102 

152 

203 

254 

2*0 

0-69315 

69813 

7031° 

70804 

71295 

7 J 7 S 4 

72271 

72755 

73237 

73716 

49 

98 

147 

196 

244 

2* I 

0-74194 

74669 

75142 

75612 

76081 

76547 

77011 

77473 

77932 

78390 

47 

93 

I40 

186 

233 

2' 2 

0-78846 

79299 

79751 

80200 

80648 

81093 

81536 

81978 

82418 

82855 

45 

89 

134 

178 

223 

2-3 

0-83291 

83725 

84157 

84587 

8 SoiS 

85442 

85866 

86289 

86710 

87129 

43 

85 

128 

171 

213 

2 - 4 - 

0-87547 

87963 

88377 

88789 

89200 

89609 

90016 

90422 

90826 

91228 

4 i 

82 

123 

164 

204 

2' S 

0-91629 

92028 

92426 

92822 

93216 

93609 

94001 

94391 

9477 9 

95166 

39 

79 

118 

157 

196 

2'6 

0 - 9 SSSI 

95935 

96317 

96698 

97078 

97456 

97833 

98208 

98582 

98954 

38 

76 

113 

151 

189 

2-7 

0-99325 

99695 

00063 

00430 

00796 

01 160 

01523 

01885 

02245 

02604 

36 

73 

109 

146 

182 

2*8 

1-02962 

03318 

03674 

04028 

04380 

04732 

05082 

05431 

05779 

06126 

35 

70 

105 

141 

176 

2-9 

1-06471 

06815 

07158 

07500 

07841 

08181 

08519 

08856 

O9I92 

09527 

34 

68 

102 

136 

170 

3 '° 

1-09861 

IOI94 

10526 

10856 

11186 

11514 

11841 

12168 

12493 

12817 

33 

66 

99 

131 

164 

3 ' 1 

1-13140 

13462 

13783 

14103 

1442 2 

14740 

15057 

15373 

15688 

16002 

32 

64 

95 

I27 

159 

3 ' 2 

1-16315 

16627 

16938 

17248 

1 7557 

17865 

18173 

18479 

18784 

19089 

31 

62 

92 

123 

154 

3‘ 3 

1-19392 

29695 

19996 

20297 

20597 

20896 

21194 

2 I 49 I 

21788 

22083 

3 ° 

60 

90 

120 

15 ° 

3' 4 

i- 22378 

22671 

22964 

23256 

2 3 S 47 

23837 

24127 

24415 

24703 

2499O 

29 

58 

87 

Il6 

145 

3'. 5 

i- 25276 

25562 

25846 

26130 

26413 

26695 

26976 

27257 

27536 

27815 

28 

56 

85 

113 

14 1 

3-6 

i- 28093 

28371 

28647 

28923 

29198 

29473 

29746 

30019 

30291 

30563 

27 

55 

82 

no 

137 

3' 7 

H 

04 

O 

OO 

Oa 

04 

31103 

31372 

31641 

31909 

32176 

32442 

32708 

32972 

33237 

27 

53 

80 

107 

134 

3-8 

i' 335 °° 

33763 

34025 

34286 

34547 

34807 

35°67 

35325 

35584 

35841 

26 

52 

78 

104 

130 

3'9 

i- 36098 

36354 

36609 

36864 

37118 

37372 

37624 

37877 

38128 

38379 

25 

5 i 

76 

101 

127 

4-0 

1-38629 

38879 

39128 

39377 

39624 

39872 

40118 

40364 

40610 

40854 

25 

49 

74 

99 

124 

4 'i 

I‘ 4 I 099 

4 V 42 

41585 

41828 

42070 

42311 

42552 

42792 

43031 

43270 

24 

48 

72 

96 

1 2 I 

4 ' 2 

1-43508 

43746 

43984 

44220 

44456 

44692 

44927 

45161 

45395 

45629 

24 

47 

71 

94 

IlS 

4'3 

1-45862 

46094 

46326 

46557 

46787 

47018 

47247 

47476 

47705 

47933 

23 

46 

69 

92 

us 

4'4 

1-48160 

48387 

48614 

48840 

49065 

49290 

49515 

49739 

49962 

5 oi 85 

22 

45 

68 

90 

1 1 2 

4' 5 

1-50408 

5063° 

50851 

51072 

S1293 

5 VI 3 

5 V 32 

52951 

52170 

52388 

22 

44 

66 

88 

no 

4*6 

1-52606 

52823 

53039 

53256 

S 347 I 

53687 

539 ° 2 

54116 

54330 

54543 

22 

43 

65 

86 

108 

4’7 

I-S 47 J 6 

54969 

55181 

55393 

55604 

55814 

56025 

56235 

56444 

56653 

21 

42 

63 

84 

105 

1-3 

1-56862 

57070 

57277 

57485 

57691 

5789 8 

58104 

58309 

58515 

58719 

21 

41 

62 

§3 

103 

4 ‘ 9 

1-58924 

59127 

59331 

59534 

59737 

59939 

60141 

60342 

60543 

60744 

20 

40 

6l 

81 

ior 


log, IO = 2-30259, log, 100 = 4-60517, log, 1000 = 6-90776 
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Table XXVI. Natural Logarithms — continued . 



0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

5 -o 

1-60944 

61144 

61343 

61542 

61741 

6 i 939 

62137 

62334 

62531 

62728 

20 

40 

59 

79 

99 

5 'i 

1-62924 

63120 

63315 

63511 

63705 

63900 

64094 

64287 

64481 

64673 

39 

39 

58 

/8 

97 

5 ‘ 2 

1-64866 

65058 

65250 

65441 

65632 

65823 

66013 

66203 

66393 

66582 

19 

38 

57 

76 

95 

5‘3 

i- 66771 

66959 

67147 

67335 

67523 

67710 

67896 

68083 

68269 

68455 

19 

37 

56 

75 

94 

S ' 4 

1-68640 

68825 

69010 

69x94 

69378 

69562 

69745 

69928 

7OIII 

70293 

18 

37 

55 

73 

92 

S ' 5 

1-70475 

70656 

70838 

71019 

71199 

71380 

71560 

71740 

71919 

72098 

18 

36 

54 

7 2 

90 

S' 6 

i- 72277 

7 MS 5 

72633 

72811 

72988 

73166 

73342 

73519 

7369S 

73871 

18 

35 

53 

71 

89 

S ' 7 

t- 74047 

74222 

74397 

74572 

74746 

74920 

75094 

75267 

75440 

75613 

17 

35 

52 

70 

£7 

S' 8 

1-75786 

75958 

76130 

76302 

76473 

76644 

76815 

76985 

77^6 

77326 

17 

34 

53 

68 

86 

S ' 9 

T 7749 S 

77665 

77834 

78002 

78171 

78339 

78507 

78675 

78842 

79009 

17 

34 

5 o 

67 

84 

6*o 

1.79176 

79342 

79509 

79675 

79840 

80006 

80171 

80336 

80500 

80665 

17 

33 

So 

66 

S 3 

6-i 

i- 80829 

80993 

81156 

81319 

81482 

81645 

81808 

81970 

82132 

82294 

16 

33 

49 

65 

Si 

6' 2 

1-82455 

82616 

82777 

82938 

83098 

83258 

83418 

83578 

83737 

83896 

16 

32 

48 

64 

80 

6-3 

1-84055 

84214 

84372 

8453° 

84688 

84845 

85003 

85160 

85317 

85473 

l6 

32 

47 

63 

79 

6-4 

1-85630 

85786 

85942 

86097 

86253 

86408 

86563 

86718 ■ 

86872 

87026 

l6 

31 

47 

62 

78 

6'5 

1-87180 

87334 

87487 

87641 

87794 

87947 

88099 

88251 

88403 

88555 

15 

31 

46 

6l 

76 

6-6 

i- S8707 

8885S 

89010 

89160 

89311 

89462 

89612 

89762 

89912 

90061 

35 

30 

45 

60 

75 

6-7 

1*90211 

90360 

90509 

90658 

90806 

90954 

91 102 

91250 

93398 

93545 

15 

3 ° 

44 

59 

74 

6-8 

1-91692 

91839 

91986 

92132 

92279 

92425 

92571 

92716 

92862 

93007 

is 

29 

44 

58 

73 

6-9 

1-93152 

93297 

93442 

93586 

9373° 

93874 

94018 

94162 

94305 

94448 

14 

29 

43 

58 

72 

7-0 

1-94591 

94734 

94876 

95019 

95161 

95303 

95445 

95586 

95727 

95869 

14 

28 

43 

57 

71 

7-1 

1-96009 

96150 

96291 

9643 1 

96571 

967 IX 

96851 

96991 

9713 ° 

97269 

14 

28 

42 

56 

70 

7-2 

1-97408 

97 S 47 

97685 

97824 

97962 

98100 

98238 

98376 

98513 

98650 

14 

28 

43 

55 

69 

7' 3 

1-98787 

98924 

99061 

99198 

99334 

99470 

99606 

99742 

99877 

00013 

14 

27 

41 

54 

68 

7' 4 

2-00148 

00283 

00418 

00553 

00687 

00821 

00956 

01089 

01223 

03.357 

13 

27 

40 

54 

67 

7' 5 

2*0I490 

01624 

01757 

01890 

02022 

02155 

02287 

02419 

02551 

02683 

13 

27 

40 

53 

66 

7-6 

2-02815 

02946 

03078 

03209 

03340 

03471 

03601 

03732 

03862 

03992 

13 

26 

39 

52 

65 

7' 7 

2-04122 

04252 

04381 

045 1 1 

04640 

04769 

04898 

05027 

05156 

05284 

13 

26 

39 

52 

65 

7-8 

2-05412 

° 554 ° 

05668 

05796 

05924 

06051 

06179 

06306 

06433 

06560 

13 

25 

38 

53 

64 

7' 9 

2-06686 

06813 

06939 

07065 

0719I 

073x7 

07443 

07568 

07694 

07819 

13 

25 

38 

5 o 

63 

8-o 

2-07944 

08069 

08194 

08318 

08443 

08567 

08691 

08815 

08939 

09063 

12 

25 

37 

5 ° 

62 

8-i 

2-09186 

09310 

09433 

09556 

09679 

09802 

09924 

10047 

10169 

10291 

12 

25 

37 

49 

6l 

8-2 

2-10413 

io 535 

10657 

10779 

IO9OO 

1102 I 

III42 

11263 

11384 

ii 5°5 

12 

24 

36 

49 

6 1 

8'3 

2-11626 

11746 

11866 

11986 

12106 

1Z226 

12346 

12465 

12585 

12704 

12 

24 

36 

48 

60 

8-4 

2-12823 

12942 

13061 

13180 

13298 

13417 

1353s 

13653 

13771 

13889 

12 

24 

36 

47 

59 

8'5 

2-I4007 

I 4 I 24 

I4242 

14359 

14476 

14593 

I 47 I ° 

14827 

34943 

1 5060 

12 

23 

35 

47 

58 

8-6 

2-15176 

15292 

15409 

15524 

15640 

15756 

15871 

15987 

16102 

16217 

12 

23 

35 

46 

58 

8-7 

2-16332 

16447 

16562 

16677 

16791 

16905 

17020 

I 7 I 34 

17248 

17361 

II 

23 

34 

46 

57 

8-8 

2-17475 

17589 

17702 

17816 

17929 

18042 

18155 

18267 

18380 

3 8493 

II 

23 

34 

45 

56 

8-9 

2- 18605 

187x7 

18830 

18942 

I 9°54 

19165 

19277 

39389 

19500 

19611 

II 

22 

34 

45 

56 

9-0 

2* 19722 

i 9 8 34 

19944 

20055 

20166 

20276 

20387 

20497 

20607 

20717 

II 

22 

33 

44 

55 

9 ' 1 

2-20827 

20937 

21047 

21157 

21266 

21375 

21485 

2 i 594 

21703 

21812 

II 

22 

33 

44 

55 

9-2 

2* 2I92O 

22029 

22138 

22246 

22354 

22462 

22570 

22678 

22786 

22894 

II 

22 

32 

43 

54 

9' 3 

2* 23OOI 

23109 

23216 

23324 

23431 

23538 

23645 

23751 

23858 

23965 

II 

21 

32 

43 

54 

9'4 

2 ’ 2407X 

24177 

24284 

24390 

24496 

24601 

24707 

248x3 

24918 

25024 

II 

21 

32 

42 

53 

9' 5 

2-25129 

25234 

25339 

25444 

25549 

25654 

25759 

25863 

25968 

26072 

10 

21 

31 

42 

52 

9-6 

2' 26176 

26280 

26384 

26488 

26592 

26696 

26799 

26903 

27006 

27109 

10 

21 

33 

43 

52 

9' 7 

2-272I3 

27316 

27419 

27521 

27624 

27727 

27829 

27932 

28034 

28136 

10 

21 

33 

43 

5 i 

9-8 

2- 28238 

28340 

28442 

28544 

28646 

28747 

28849 

28950 

29051 

29152 

10 

20 

30 

43 

Si 

9' 9 

2' 29253 

2 9354 

29455 

29556 

29657 

29757 

29858 

29958 

30058 

30158 

10 

20 

30 

40 

50 


105,10,000 = 9-21034, log, 100,000 = 11-51293, log, 1,000,000 = 13-81551 
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Table XXVI. Natural Logarithms — continued 



0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

io 

2-30259 

3 I2 54 

3 22 39 

33214 

34181 

— 

— 

— 

— 

— 

98 

196 

2 94 

392 

49 ° 




— - 

— 

— 

35*38 

36085 

37024 

37955 

38876 

93 

187 

280 

374 

467 

11 

2-39790 

40695 

4 * 59 * 

42480 

43361 

— 

— 

— 

— 

— 

89 

179 

268 

357 

446 




— 

— 

I— 

44235 

45 *oi 

45959 

46810 

47654 

85 

171 

256 

342 

427 

12 

2-48491 

493 21 

5 °i 44 

50960 

5 i 77 o 

— 

— 

— 

— 

— 

82 

164 

246 

328 

410 


— 


— 

— 

— 

52573 

53370 

54160 

54945 

55723 

79 

158 

236 

3*5 

394 

13 

z- 56495 

57261 

58022 

58776 

59525 

— 

— 

— 

— 

— 

76 

152 

227 

303 

379 



— 

— 

— 

— 

60269 

61007 

61740 

62467 

63189 

73 

146 

219 

292 

365 

14 

2-63906 

64617 

65324 

66026 

66723 

— 

— 

— 

— 

— 

70 

141 

211 

2S2 

352 


— 

— 

— 

— 

— 

674*5 

68102 

68785 

69463 

70136 

68 

*36 

204 

272 

340 

'5 

2-70805 

71469 

72130 

7 2 78 S 

73437 

— 

— 

— 

— 

— 

66 

*32 

197 

263 

329 


— 

— 

— 

— 

— 

74084 

74727 

75366 

76001 

76632 

64 

127 

* 9 * 

255 

3*8 

1 6 

2-77259 

77882 

78501 

79 ri 7 

79728 

— 

— 

— 

— 

— 

62 

124 

*85 

247 

309 


— 

— 

— 

— 

— 

80336 

80940 

81541 

82138 

S2731 

60 

120 

180 

240 

299 

17 

2-83321 

83908 

84491 

85071 

85647 

— 

— 

— 

— 

— 

58 

116 

*74 

233 

291 


— 

— 

— 

— 

— 

86220 

S6790 

87356 

87920 

88480 

56 

**3 

169 

226 

282 

18 

2-89037 

8959 1 

90142 

90690 

9 i 2 35 

— 

• — 

— 

— 

— 

55 

1 10 

165 

220 

2 7 S 


— 

— 

— 

— 

— 

9*777 

92316 

92852 

93386 

93916 

53 

107 

160 

214 

267 

19 

2-94444 

94969 

95491 

96011 

96527. 

— 

— 

— 

— 

— 

52 

104 

156 

208 

260 


— 

— 

— 

— 



97041 

97553 

980G2 

98568 

99072 

5 * 

102 

152 

203 

254 

20 

2'99573 

00072 

00568 

01062 

0*553 

02042 

02529 

03013 

03495 

03975 

49 

98 

147 

196 

244 

21 

3- 0 4452 

04927 

05400 

05871 

06339 

06805 

07269 

07731 

08191 

08649 

47 

93 

140 

186 

233 

22 

3-09104 

09558 

10009 

10459 

10906 

11352 

**795 

12237 

12676 

* 3**4 

45 

89 

*34 

178 

223 

23 

3" 1 3549 

13983 

14415 

14845 

15274 

15700 

16125 

16548 

16969 

17388 

43 

85 

128 

171 

213 

24 

"3-17805 

18221 

18635 

19048 

19458 

19867 

20275 

20680 

21084 

21487 

4 * 

82 

123 

164 

204 

2 5 

3-21888 

22287 

22684 

23080 

23475 

23868 

24259 

24649 

25037 

25424 

39 

79 

118 

*57 

196 

26 

3-25810 

26194 

26576 

26957 

27336 

27714 

28091 

28466 

28840 

29213 

38 

76 

**3 

* 5 * 

189 

27 

3-29584 

29953 

30322 

30689 

31054 

3 * 4*9 

31782 

32*43 

325°4 

32863 

36 

73 

109 

146 

1S2 

28 

3-33220 

33577 

33932 

34286 

34639 

34990 

3534 * 

35690 

36038 

36384 

35 

70 

105 

14 1 

1 76 

29 

3-3673° 

37074 

37417 

37759 

38099 

38439 

38777 

39**5 

3945 * 

39786 

34 

68 

102 

136 

170 

39 

3-40120 

4°453 

40784 

4***5 

41444 

4*773 

42100 

42426 

4275 * 

43076 

33 

66 

99 

* 3 * 

164 

31 

3-43399 

43721 

44042 

44362 

44681 

44999 

453*6 

45632 

45947 

46261 

32 

64 

95 

127 

*59 

3 2 

3-46574 

46886 

47*97 

47507 

47816 

48124 

48431 

48738 

49043 

49347 

3 * 

62 

92 

123 

* 5-1 

33 

3-49651 

49953 

50255 

50556 

5 ° s 5 6 

5**55 

5*453 

5 * 75 ° 

52046 

52342 

3 ° 

60 

90 

120 

* 5 ° 

34 

3-52636 

5 2 93 o 

53 22 3 

535*5 

53806 

54096 

54385 

54674 

54962 

55249 

29 

58 

87 

116 

*45 

3 S 

3-55535 

55820 

56105 

56388 

56671 

56953 

57235 

575*5 

57795 

5 8 o 74 

28 

56 

85 

**3 

141 

3 S 

3 - 5 s 352 

58629 

58906 

59182 

59457 

5973 * 

60005 

60278 

60550 

60821 

27 

55 

82 

1 10 

*37 

37 

3-61092 

61362 

61631 

61899 

62167 

62434 

62700 

62966 

63231 

63495 

27 

S 3 

80 

107 

* 3-1 

38 

3-63759 

64021 

64284 

64545 

64806 

65066 

653ZS 

65584 

65842 

66099 

26 

52 

78 

104 

130 

39 

3-66356 

66612 

66868 

67122 

67377 

67630 

67883 

68135 

68387 

68638 

2 5 

Si 

76 

101 

127 

40 

3-68888 

69138 

69387 

69635 

69883 

70130 

70377 

70623 

70868 

7**13 

25 

49 

74 

99 

124 

41 

3 - 7 I 357 

71601 

71844 

72086 

72328 

72569 

72810 

73050 

7329° 

73529 

24 

48 

72 

96 

121 

42 

3-73767 

74005 

74242 

74479 

747*5 

7495 ° 

75*85 

75420 

75654 

75887 

24 

47 

7 * 

94 

118 

43 

3-76120 

763S 2 

76584 

76815 

77046 

77276 

77506 

77735 

77963 

78191 

23 

46 

69 

92 

**5 

44 

3-78419 

78646 

78872 

79098 

79324 

79549 

79773 

79997 

80221 

80444 

22 

45 

68 

90 

112 

45 

3- 80666 

80888 

8ijio 

8133 * 

81551 

81771 

81991 

82210 

82428 

82647 

22 

44 

66 

88 

no 

46 

3-82864 

83081 

83298 

83514 

83730 

83945 

84160 

84374 

84588 

84802 

22 

43 

65 

86 

108 

47 

3-85015 

85227 

85439 

85651 

85862 

86073 

86283 

86493 

86703 

86912 

21 

42 

63 

S 4 

105 

.48 

3-87120 

S7328 

87536 

87743 

87950 

88156 

88362 

88568 

88773 

88978 

21 

4 * 

62 

«3 

*03 

49 

3-89182 

89386 

89589 

89792 

89995 

90197 

90399 

90600 

90801 

91002 

20 

40 

61 

81 

IOI 


Ior. io = 2-30259, log, 100 = 4-60517, log, 1000 = 6-90776 

rr8 



Table XXVI. Natural Logarithms — continued , 


1 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

5 ° 

3-91202 

91402 

91601 

91801 

91999 

92197 

9 2 395 

92593 

92790 

92986 

20 

40 

59 

79 

99 

5 1 

3 ’ 93 l8 3 

93378 

93574 

93769 

93964 

94158 

94352 

94546 

94739 

94932 

19 

39 

58 

78 

97 

5 - i 

3 ‘ 95 I2 4 

953 x 6 

955 o 8 

95700 

95891 

96081 

96272 

96462 

96651 

96S40 

19 

38 

57 

76 

95 

S 3 

3-97029 

97218 

97406 

97594 

97781 

97968 

9 SI 55 

98341 

98527 

98713 

19 

37 

56 

75 

94 

54 

3-98898 

99083 

99268 

99452 

99636 

99820 

00003 

00x86 

00369 

00551 

IS 

37 

55 

73 

92 

SS 

4 -oo 733 

00915 

01096 

01277 

01458 

01638 

01818 

01998 

02177 

02356 

18 

36 

54 

72 

90 

s 6 : 

4 - o -535 

027x4 

02892 

O3069 

03247 

03424 

03601 

03777 

°3954 

04130 

18 

35 

53 

7 i 

89 

57 

4-04305 

04480 

04655 

04830 

05004 

05178 

05352 

05526 

05699 

05872 

17 

35 

52 

7 ° 

87 

S« 1 

4-06044 

06217 

06389 

06560 

06732 

06903 

07073 

07244 

07414 

07584 

17 

34 

5 i 

68 

86 

59 

4-07754 

07923 

08092 

08261 

08429 

08598 

08766 

08933 

09101 

09268 

17 

34 

5 ° 

67 

84 

60 1 

4-09434 

09601 

09767 

09933 

10099 

10264 

10429 

10594 

10759 

10923 

17 

33 

5 ° 

66 

83 

61 

4- 11087 

11251 

11415 

11578 

11741 

1 1904 

12066 

12228 

12390 

12552 

16 

33 

49 

6 S 

81 

62 

4-12713 

12875 

13036 

13196 

13357 

X 3 SI 7 

13677 

13836 

13995 

14155 

16 

32 

48 

64 

So 

f >3 

4 - 143*3 

14472 

14630 

14789 

14946 

15104 

15261 

15418 

15575 

15732 

16 

32 

47 

63 

79 

64 

4 - 1588S 

16044 

16200 

16356 

16511 

16667 

16821 

16976 

17131 

17285 

16 

31 

47 

62 

78 

65 

. 4-17439 

17593 

17746 

17899 

18052 

18205 

18358 

18510 

18662 

18814 

IS 

31 

46 

61 

76 

66 

4-18965 

19x17 

19268 

19419 

19570 

19720 

19870 

20020 

20170 

20320 

IS 

3 ° 

45 

60 

75 

67 

4-20469 

20618 

20767 

20916 

21065 

21213 

21361 

21509 

21656 

21804 

15 

3 ° 

44 

59 

74 

68 

4-21951 

22098 

22244 

22391 

22537 

22683 

22829 

22975 

23120 

23266 

15 

29 

44 

58 

73 

69 

4-234x1 

23555 

23700 

23844 

23989 

24133 

24276 

24420 

24S63 

24707 

!4 

29 

43 

58 

72' 

70 

4 - 24850 

24992 

25135 

25277 

25419 . 

25561 

25703 

25845 

25986 

26127 

14 

28 

43 

57 

7 i 

7 i 

4- 26268 

26409 

26549 

26690 

26830 

26970 

27110 

27249 

27388 

27528 

H 

28 

42 

56 

70 

72 

4- 27667 

27805 

27944 

28082 

28221 

28359 

28496 

28634 

28772 

28909 

14 

28 

4 i 

55 

69 

73 

4- 29046 

29183 

29320 

29456 

29592 

29729 

29865 

30000 

30136 

30271 

H 

27 

4 i 

54 

68 

74 

4-30407 

30542 

30676, 

30811 

30946 

31080 

31214 

31348 

31482 

31615 

*3 

27 

40 

54 

67 

75 

4 - 3 I 749 

31882 

32015 

32148 

32281 

32413 

32546 

32678 

32810 

32942 

13 

27 

40 

53 

66 

76 

4 - 33 0 73 

33205 

33336 

33467 

33598 

33729 

33860 

3399 ° 

34120 

34251 

i ,3 

26 

39 

52 

65 

77 

4 - 3438 I 

345 X 0 

34640 

34769 

34899 

3S028 

35157 

35286 

35414 

35543 

13 

26 

39 

52 

65 

78 

4 ' 3567 i 

35799 

35927 

36055 

36182 

363x0 

36437 

36564 

36691 

36818 

*3 

25 

38 

5 i 

64 

79 

4 - 3 6 945 

37071 

37198 

37324 

37450 

37576 

377 oi 

37827 

37952 

38078 

T 3 

2 5 

38 

5 ° 

63 

80 

-4-38203 

3S32S 

38452 

38577 

38701 

38826 

38950 

39°74 

. 39198 

39321 

12 

25 

37 

50 

62 

81 

4-39445 

39568 

39692 

39815 

39938 

40060 

40183 

40305 

40428 

4 0 55 o 

12 

25 

37 

49 

61 

82 

4-40672 

40794 

40916 

41037 

4x159 

41280 

41401 

41522 

41643 

41763 

12 

24 

36 

49 

6i 

83 

4-41884 

42004 

42125 

42245 

42365 

42485 

42604 

42724 

42843 

42963 

12 

24 

36 

48 

60 

84 

4-43082 

43201 

43319 

43438 

43557 

43675 

43793 

43912 

44030 

44 H 7 

12 

24 

36 

47 

59 

85 

4-44265 

44383 

44500 

44617 

44735 

44852 

44969 

45085 

45202 

453 i 8 

12 

2 3 

35 

47 

5 S 

86 

4-45435 

4 SS 5 I 

45667 

45783 

4S899 

46014 

46130 

4624S 

46361 

46476 

12 

23 

35 

46 

58 

87 

4-46591 

46706 

46820 

46935 

47050 

47164 

47278 

47392 

47506 

47620 

1 1 

23 

34 

46 

57 

88 

4-47734 

47847 

47961 

48074 

48187 

48300 

48413 

48526 

48639 

48751 

x 1 

23 

34 

45 

56 

89 

4-48864 

48976 

49088 

49200 

493 X 2 

49424 

49536 

49647 

49758 

49870 

11 

22 

34 

45 

56 

90 

4-49981 

50092 

50203 

503 X 4 

50424 

50535 

5 o6 45 

50756 

50866 

50976 

11 

22 

33 

44 

55 

9 1 

4-51086 

51196 

5 i 3 °S 

5141S 

51525 

51634 

51743 

51852 

51961 

52070 

11 

22 

33 

44 

55 

92 

4-52179 

52287 

52396 

52504 

52613 

52721 

52829 

52937 

53°45 

53152 

11 

22 

32 

43 

54 

93 

4-53260 

53367 

53475 

53582 

53689 

5379 6 

53903 

54010 

54116 

54223 

11 

21 

32 

43 

54 

94 

4 ' 543 2 9 

54436 

54542 

54648 

54754 

54860 

54966 

55071 

55177 

55282 

11 

21 

32 

42 

53 

95 

4-55388 

55493 

5559 s 

55703 

55808 

55913 

56017 

56122 

56226 

56331 

10 

21 

31 

42 

52 

96 

4-56435 

56539 

56643 

56747 

56851 

56954 

57058 

57161 

S7 Z 65 

57368 

10 

21 

31 

41 

52 

97 

4 - 5747 I 

57574 

57677 

5778o 

57883 

57985 

58088 

58190 

58292 

58395 

10 

21 

31 

41 

5i 

98 

4-58497 

58599 

58701 

58802 

58904 

59006 

59107 

59209 

S 93 IO 

594 U 

10 

20 

30 

41 

5i 

99 

4-595X2 

59613 

597X4 

59815 

59915 

60016 

60116 

60217 

60317 

60417 

10 

20 

30 

40 

50 




log, 10,000 = 9-21034, log, ioo.ooo 

= 11-51293. log. 

1 ,000,000 

= 13-81551 
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Table XXVII. Squares 


1 

O 

I 

2 

3 

4 

5 

6 

7 

8 

0 

O 

1 

4 

9 

16 

25 

36 

49 

64 

I 

IOO 

121 

144 

169 

196 

225 

256 

289 

324 

n 

400 

441 

484 

529 

576 

625 

676 

729 

784 

3 

900 

961 

1024 

1089 

1156 

1225 

1296 

1369 

1444 

4 

l 60 O 

1681 

1764 

1849 

1936 

2025 

2116 

2209 

2304 

5 

2 500 

2601 

2704 

2809 

2916 

3025 

3136 

3 2 49 

3364 

6 

3600 

3721 

3 S 44 

3969 

4096 

4225 

4356 

4489 

4624 

7 

4900 

5 ° 4 I 

5!®4 

5329 

5476 

5625 

5776 

59 2 9 

6084 

8 

6400 

6561 

6724 

6889 

7056 

7225 

7396 

7569 

7744 

9 

8100 

8281 

8464 

8649 

8836 

9025 

92 16 

9409 

9604 

10 

10000 

1 0201 

10404 

10609 

10816 

1 1025 

11236 

H 449 

11664 

1 1 

12100 

1 2321 

i 2 S 44 

12769 

12996 

13225 

13456 

13689 

13924 

12 

14400 

14641 

14884 

15129 

15376 

15625 

15876 

16129 

16384 

!3 

16900 

17161 

17424 

17689 

1 7956 

18225 

18496 

18769 

19044 

14 

19600 

19881 

20164 

20449 

20736 

21025 

21316 

21609 

21904 

15 

22500 

22801 

23104 

2 3409 

23716 

24025 

24336 

24649 

24964 

16 

25600 

25921 

26244 

26569 

26896 

27225 

27556 

27889 

28224 

17 

28900 

29241 

29584 

29929 

30276 

30625 

30976 

3 T 3 2 9 

31684 

iS 

32400 

32761 

33124 

33489 

33856 

34225 

34596 

34969 

35344 

19 

36100 

36481 

36864 

37249 

37636 

38025 

38416 

38809 

39204 

20 

40000 

40401 

40804 

41209 

41616 

42025 

42436 

42849 

43264 

21 

44100 

4452 ! 

44944 

45369 

45796 

46225 

466S6 

47089 

475 2 4 

22 

48400 

48841 

49284 

49729 

50176 

50625 

51076 

51529 

5 i 9 8 4 

23 

52900 

53361 

53824 

54289 

54756 

55225 

55696 

56169 

56644 

24 

57600 

58081 

58564 

59049 

59536 

60025 

605x6 

61009 

61504 

25 

62500 

63001 

63504 

64009 

64516 

65025 

65536 

66049 

66564 

26 

6 7 Coo 

68121 

68644 

69169 

69696 

70225 

70756 

71289 

71824 

27 

72900 

7344 ! 

73984 

7452 9 

75076 

75625 

76176 

76729 

77284 

28 

78400 

78961 

79524 

80089 

80656 

81225 

81796 

82369 

82944 

-9 

84100 

84681 

85264 

85849 

86436 

87025 

87616 

88209 

88804 

3 ° 

90000 

90601 

91204 

91809 

92416 

9302 5 

93636 

94249 

94864 

3 1 

96100 

96721 

97344 

97969 

98596 

99225 

99856 

100489 

101124 

32 

102400 

103041 

103684 

104329 

104976 

105625 

106276 

106929 

107584 

33 

108900 

109561 

1 10224 

110889 

111556 

112225 

112896 

113569 

114244 

34 

115600 

116281 

116964 

117649 

118336 

119025 

119716 

1 2 0409 

121104 

35 

122500 

123201 

123904 

124609 

1253*6 

126025 

126*136 

127449 

128164 

36 

129600 

130321 

I 3 i °44 

131769 

132496 

133225 

133956 

134689 

135424 

37 

136900 

137641 

138384 

139129 

139876 

140625 

141376 

I42I29 

142884 

33 

144400 

145161 

145924 

146689 

147456 

148225 

148996 

149769 

150544 

39 

152100 

152881 

153664 

154449 

155236 

156025 

156816 

157609 

158404 

40 

160000 

1 60801 

161604 

162409 

163216 

164025 

164836 

165649 

166464 

4 ! 

168100 

168921 

169744 

170569 

171396 

172225 

173056 

173889 

174724 

42 

176400 

177241 

178084 

178929 

179776 

180625 

181476 

182329 

183184 

43 

184900 

185761 

186624 

187489 

188356 

189225 

190096 

190969 

191844 

44 

193600 

194481 

195364 

196249 

197136 

198025 

198916 

199809 

200704 

45 

202500 

203401 

204304 

205209 

206116 

207025 

207936 

208849 

209764 

46 

211600 

2I252I 

213444 

214369 

215296 

216225 

217156 

218089 

219024 

47 

220900 

221841 

222784 

223729 

224676 

225625 

226576 

227529 

228484 

48 

230400 

231361 

232324 

233289 

234256 

235225 

236196 

237169 

238144 

49 

240100 

241081 

242064 

243049 

244036 

245025 

246016 

247009 

248004 


Exact squares of 4 figure numbers can be quickly calculated from the identity (a± i) 2 = ^lab+b*-. 


9 

81 

361 

841 

1521 

2401 

3481 

4761 

6241 

7921 

9801 

1 1881 
14161 
16641 
19321 
2 2201 

25281 

28561 

32041 

3 5 7 - 1 
39601 

43681 

47961 

52441 

57121 

62001 

67081 

72361 

77841 

83S21 

S9401 

95481 

101761 
108241 
1 14921 
121801 

128881 

136161 

143641 

I 5 1 32 i 

159201 

167281 

I 7556 1 

184041 

I9272I 

201601 

2I068l 

2I996l 

229441 

239I2I 

249001 


120 



Table XXVII. Squares — continued 



O 

I 

2 

3 

4 

5 

6 

7 

s 

9 

5 ° 

250000 

25 1001 

252004 

253009 

254016 

255025 

256036 

257049 

258064 

2 5 90S 1 

5 i 

260100 

261121 

262144 

263169 

264196 

265225 

266256 

267289 

268324 

269361 

52 

270400 

2 7 1441 

272484 

273529 

274576 

275625 

276676 

277729 

278784 

279841 

53 

280900 

281961 

283024 

284089 

285156 

286225 

287296 

288369 

289444 

290521 

54 

291600 

292681 

293764 

294849 

295936 

297025 

298116 

299209 

300304 

301401 

55 

302500 

303601 

304704 

305809 

306916 

308025 

309136 

310249 

3**364 

312481 

56 

313600 

3114721 

3*5844 

316969 

318096 

319225 

320356 

321489 

322624 

323761 

57 

324900 

326041 

327:184 

328329 

329476 

330625 

331776 

332929 

334084 

33524 1 

58 

336400 

337561 

338724 

339889 

341056 

342225 

343396 

344569 

345744 

346921 

59 

348100 

349281 

350464 

35*649 

352836 

354 o 2 5 

355216 

356409 

357604 

358801 

60 

360000 

361201 

362404 

363609 

364816 

366025 

367236 

368449 

369664 

370881 

6 1 

372100 

373321 

374544 

375769 

376996 

378225 

379456 

380689 

381924 

383161 

62 

384400 

385641 

386884 

388129 

389376 

390625 

391876 

393129 

394384 

39564 1 

63 

396900 

398161 

399424 

400689 

401956 

403225 

404496 

405769 

407044 

40S32I 

64 

409600 

410881 

412164 

413449 

4 H 736 

416025 

417316 

418609 

4 * 99°4 

421201 

65 

422500 

423801 

425104 

426409 

427716 

429025 

430336 

431649 

432964 

43428 i 

66 

435600 

436921 

438244 

439569 

440896 

442225 

443556 

444889 

446224 

44756 i 

67 

448900 

450241 

451584 

452929 

454276 

455625 

456976 

458329 

459684 

461041 

68 

462400 

463761 

465124 

466489 

467856 

469225 

470596 

471969 

473344 

474721 

69 

476100 

477481 

478864 

480249 

481636 

483025 

484416 

485809 

487204 

488601 

70 

490000 

491401 

492804 

494209 

495616 

497025 

498436 

499S49 

501264 

502681 

"i 

504100 

5 ° 55 21 

506944 

508369 

509796 

511225 

512656 

514089 

5*5524 

516961 

72 

518400 

519841 

521284 

522729 

524176 

525625 

527076 

528529 

529984 

53*441 

73 

532900 

53436 i 

535824 

537289 

538756 

540225 

541696 

543169 

544644 

546121 

74 

547600 

549081 

5 S °564 

552049 

553536 

555025 

556516 

558009 

559504 

561001 

75 

562500 

564001 

565504 

567009 

568516 

570025 

571536 

573049 

574564 

576081 

76 

577600 

579121 

580644 

582169 

583696 

585225 

586756 

588289 

589824 

59 i 36 r 

77 

592900 

594441 

595984 

597529 

599076 

600625 

602176 

603729 

605284 

606841 

7S 

608400 

609961 

611524 

613089 

614656 

616225 

617796 

619369 

620944 

622521 

79 

624100 

625681 

627264 

628849 

630436 

632025 

633616 

635209 

636804 

638401 

So 

640000 

641601 

643204 

644809 

646416 

648025 

649636 

651249 

652864 

654481 

Si 

656100 

657721 

659344 

660969 

662596 

664225 

665856 

667489 

669124 

670761 

82 

672400 

674041 

675684 

677329 

678976 

680625 

682276 

683929 

685584 

687241 

83 

688900 

690561 

692224 

693889 

695556 

697225 

698896 

700569 

702244 

703921 

84 

705600 

707281 

708964 

710649 

712336 

7 I 4 02 5 

715716 

717409 

719104 

720801 

85 

722500 

724201 

725904 

727609 

729316 

73 I02 5 

732736 

734449 

736164 

737881 

86 

739600 

741321 

743044 

744769 

746496 

748225 

749956 

751689 

753424 

755*61 

87 

756900 

758641 

760384 

762129 

763876 

765625 

767376 

769129 

770884 

772641 

88 

774400 

776161 

777924 

779689 

781456 

783225 

784996 

786769 

788544 

790321 

89 

792100 

793881 

795664 

797449 

799236 

801025 

802816 

804609 

806404 

808201 

9 ° 

810000 

811801 

813604 

815409 

S17216 

819025 

820836 

822649 

824464 

826281 

91 

828100 

829921 

831744 

833569 

835396 

837225 

839056 

840889 

842724 

844561 

92 

846400 

848241 

850084 

851929 

853776 

855625 

857476 

859329 

861184 

863041 

93 

864900 

866761 

868624 

870489 

S72356 

874225 

876096 

877969 

879844 

881721 

94 

883600 

885481 

887364 

889249 

891136 

893025 

894916 

896809 

8 98 7 04 

900601 

95 

902500 

90440 1 

906304 

908209 

910116 

912025 

913936 

915849 

917764 

919681 

96 

921600 

923521 

925444 

927369 

929296 

931225 

933156 

935089 

937024 

938961 

97 

940900 

942841 

944784 

946729 

948676 

950625 

952576 

954529 

956484 

958441 

98 

960400 

962361 

964324 

966289 

968256 

970225 

972196 

974169 

976144 

97K121 

99 

980100 

982081 

984064 

986049 

988036 

990025 

992016 

994009 

996004 

998001 


Thus 693'3 a = 4802494- 4*5’8+0'09 = 4So664'8g. 
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Table XXVIII. Square Roots 


1 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

0 

3 

4 

5 

to ; 

10000 

10050 

IOIOO 

10149 

10198 

10247 

10296 

10344 

10392 

10440 

5 

10 

*5 

20 

24 


3*623 

31780 

3*937 

32094 

32249 

3 2 4°4 

32558 

32711 

32863 

33015 

*5 

3 * 

46 

62 

77 

1 I 

10488 

10536 

10583 

10630 

10677 

10724 

10770 

10817 

10863 

10909 

5 

9 

*4 

*9 

23 


33166 

333 1 7 

33466 

336*5 

33764 

339 12 

34059 

34205 

3435 * 

34496 

i 5 

30 

44 

59 

74 

12 

xo 9 S 4 

1 1 OOO 

11045 

11091 

11136 

11180 

11225 

11269 

11314 

11358 

4 

9 

*3 

18 

22 


34641 

3478 s 

34928 

35 ° 7 * 

35214 

35355 

35496 

35637 

35777 

359*7 

*4 

28 

43 

57 

7 * 

'3 

11402 

11446 

11489 

**533 

11576 

11619 

11662 

11705 

11747 

11790 

4 

9 

*3 

*7 

22 


36056 

36194 

3633 2 

36469 

36606 

36742 

36878 

37014 

37*48 

37283 

14 

2 7 

4 i 

55 

68 

i 4 

11832 

H874 

11916 

11958 

12000 

12042 

12083 

I2I24 

12166 

12207 

4 

8 

*3 

*7 

21 


37417 

37550 

37 68 3 

378 i 5 

37947 

38079 

38210 

M 

TO 

CO 

CO 

38471 

38601 

13 

26 

39 

53 

66 

15 

12247 

12288 

12329 

12369 

1241a 

12450 

12490 

12530 

12570 

12610 

4 

8 

12 

16 

20 


3873° 

38859 

38987 

39**5 

39243 

3937 ° 

39497 

39623 

39749 

39875 

*3 

2 5 

38 

5 * 

64 

iG 

12649 

12689 

12728 

12767 

12806 

12845 

12884 

12923 

12961 

13000 

4 

8 

12 

16 

20 


40000 

40125 

40249 

40373 

40497 

40620 

40743 

40866 

40988 

41110 

12 

2 5 

37 

49 

62 

17 

13038 

13077 

I 3 II 5 

* 3*53 

* 3 * 9 * 

13229 

13266 

13304 

*3342 

*3379 

4 

8 

11 

*5 

*9 


41231 

4 I 3 S 2 

4*473 

4*593 

4 * 7*3 

4*833 

41952 

42071 

42190 

42308 

12 

2 4 

36 

48 

60 

18 

13416 

13454 

* 349 * 

13S28 

13565 

13601 

13638 

13675 

13711 

13748 

4 

7 

11 

i 5 

18 


42426 

42544 

42661 

42778 

42895 

43012 

43128 

43243 

43359 

43474 

12 

2 3 

35 

47 

58 

T 9 

i 37 8 4 

13820 

*3856 

13892 

13928 

13964 

14000 

14036 

1407 1 

14107 

4 

7 

11 

14 

18 


43589 

43704 

43818 

43932 

44045 

44159 

44272 

44385 

44497 

44609 

11 

2 3 

34 

45 

57 

20 

14142 

14177 

*4213 

14248 

14283 

* 43*8 

*4353 

14387 

14422 

*4457 

4 

7 

10 

14 

18 


44721 

44833 

44944 

45056 

45*66 

45277 

45387 

45497 

45607 

45717 

11 

23 

33 

44 

55 

21 

14491 

14526 

14560 

*4595 

14629 

14663 

14697 

* 473 * 

14765 

*4799 

3 

7 

10 

*4 

*7 


45826 

45935 

46043 

46152 

46260 

4636S 

46476 

46583 

46690 

46797 

11 

22 

3 2 

43 

54 

22 

14832 

14866 

14900 

*4933 

14967 

15000 

* 5 o 33 

15067 

15100 

* 5*33 

3 

7 

10 

*3 

*7 


46904 

47011 

47117 

47223 

47329 

47434 

47539 

47645 

47749 

47854 

11 

21 

32 

42 

S 3 

2J ! 

15166 

* 5*99 

152I 2 

15264 

15297 

15330 

15362 

*5395 

* 54 2 7 

*5460 

3 

7 

10 

*3 

16 


47958 

48062 

48166 

48270 

48374 

48477 

48580 

48683 

48785 

48888 

10 

21 

3 * 

4 i 

52 

24 

i 549 2 

25524 

15556 

15588 

15620 

*5652 

15684 

15716 

15748 

15780 

3 

6 

10 

*3 

16 


48990 

49092 

49*93 

49295 

49396 

49497 

49598 

49699 

49800 

49900 

10 

20 

30 

40 

5 * 

2 5 

15811 

V843 

15875 

15906 

*5937 

15969 

16000 

16031 

16062 

16093 

3 

6 

9 

*3 

16 


50000 

50100 

50200 

50299 

50398 

50498 

50596 

50695 

50794 

50892 

10 

20 

30 

40 

So 

26 

16125 

16155 

16186 

16217 

16248 

16279 

16310 

16340 

16371 

16401 

3 

6 

9 

12 

*5 


50990 

51088 

51186 

51284 

5 * 38 * 

51478 

51575 

51672 ' 

51769 

51865 

10 

*9 

29 

39 

49 

27 

16432 

16462 

16492 

16523 

*6553 

16583 

16613 

16643 

16673 

16703 

3 

6 

9 

12 

*5 


51962 

52058 

52*54 

52249 

5 2 345 

52440 

52536 

52631 

52726 

52820 

10 ■ 

*9 

29 

38 

48 

28 

16733 

16763 

16793 

16823 

16852 

16882 

16912 

16941 

16971 

17000 

3 

6 

9 

12 

*5 


52915 

53009 

53*04 

53198 

53292 

53385 

53479 

5357 2 

53666 

53759 

9 

*9 

28 

38 

47 

29 

17029 

17059 

17088 

17117 

17146 

17176 

17205 

17234 

17263 

17292 

3 

6 

9 

12 

*5 


53852 

53944 

54037 

54129 

54222 

543*4 

54406 

54498 

54589 

54681 

9 

18 

28 

37 

46 


122 



Table XXVIII. Square Roots — continued 



O 

I 

2 

3 

4 . 

5 

6 

7 

8 

9 

I 

2 

3 

4 

5 

30 

17321 

17349 

17378 

17407 

17436 

17464 

17493 

17521 

17550 

17578 

3 

6 

9 

11 

14 


54772 

54863 

54955 

55045 

55136 

55227 

55317 

554 o 8 

55498 

55588 

9 

18 

27 

36 

45 

3 1 

17607 

17635 

17664 

17692 

17720 

17748 

■17776 

17804 

17833 

17861 

3 

6 

8 

11 

14 


55678 

55767 

55857 

55946 

56036 

56125 

56214 

56303 

5639 1 

56480 

9 

18 

27 

36 

45 

3 2 

17889 

17916 

17944 

17972 

18000 

18028 

18055 

18083 

18111 

18138 

3 

6 

8 

11 

14 


56569 

56657 

56745 

56S33 

56921 

57009 

57096 

57184 

S7271 

57359 

9 

18 

26 

35 

44 

33 

18166 

18193 

18221 

18248 

18276 

18303 

18330 

18358 

1838S 

18412 

3 

5 

8 

11 

14 


57446 

57533 

576 i 9 

57706 

57793 

57879 

57966 

58052 

S8138 

58224 

9 

17 

26 

35 

43 

34 

18439 

18466 

18493 

18520 

18547 

i 8 S 74 

1 860 1 

18628 

18655 

18682 

3 

5 

8 

11 

14 


58310 

58395 

58481 

58566 

58652 

58737 

58822 

58907 

58992 

59076 

9 

17 

26 

34 

43 

35 

18708 

1873S 

18762 

18788 

18815 

18841 

18868 

18894 

18921 

18947 

3 

5 

8 

11 

13 


59161 

59 2 4 S 

59330 

594 H 

59498 

59582 

59666 

59749 

59833 

59917 

8 

17 

25 

34 

43 

36 

18974 

19000 

19026 

19053 

19079 

19105 

19131 

19157 

19183 

19209 

3 

5 

8 

10 

13 


60000 

60083 

60166 

60249 

60332 

60415 

60498 

60581 

60663 

60745 

8 

17 

25 

33 

4 1 

37 

i 9 z 35 

19261 

19287 

19313 

19339 

19365 

19391 

19416 

19442 

19468 

3 

5 

8 

10 

13 


60828 

60910 

60992 

61074 

61156 

61237 

61319 

61400 

61482 

61563 

8 

16 

25 

33 

4 i 

38 

19494 

I 95 I 9 

19545 

19570 

19596 

19621 

19647 

19672 

19698 

19723 

3 

5 

8 

10 

13 


61644 

61725 

61806 

61887 

6x968 

62048 

62129 

62209 

62290 

62370 

8 

16 

24 

32 

40 

39 

19748 

19774 

19799 

19824 

19849 

19875 

19900 

19925 

19950 

19975 

3 

5 

8 

10 

13 


62450 

62530 

62610 

62690 

62769 

62849 

62929 

63008 

63087 

63166 

8 

16 

24 

32 

40 

40 

20000 

20025 

20050 

20075 

20100 

20125 

20149 

20174 

20199 

20224 

2 

5 

7 

10 

12 


63246 

63325 

63403 

634S2 

63561 

63640 

63718 

63797 

63875 

63953 

s 

16 

24 

3 i 

39 

41 

20248 

20273 

20298 

20322 

20347 

20372 

20396 

20421 

20445 

20469 

2 

5 

7 

10 

12 


64031 

64109 

64187 

64265 

64343 

64420 

64498 

64576 

64653 

64730 

8 

16 

2 3 

3 i 

39 

42 

20494 

20518 

20543 

20567 

20591 

20616 

20640 

20664 

20688 

20712 

2 

5 

7 

10 

12 


64807 

64885 

64962 

65038 

65115 

■ 65192 

65269 

65345 

65422 

65498 

8 

15 

23 

3 i 

38 

43 

20736 

20761 

20785 

20809 

20833 

20857 

20881 

20905 

20928 

20952 

2 

5 

7 

10 

12 


65574 

65651 

65727 

65803 

65879 

65955 

66030 

66106 

66182 

66257 

8 

15 

23 

30 

38 

44 

20976 

21000 

21024 

21048 

21071 

21095 

21119 

21142 

21166 

21190 

2 

5 

7 

10 

12 


66332 

66408 

66483 

66558 

66633 

66708 

66783 

66S58 

66933 

67007 

8 

15 

22 

30 

38 

45 

212x3 

21237 

21260 

2x284 

21307 

21 33 1 

21354 

21378 

. 2I40I 

21424 

n 

5 

7 

9 

12 


67082 

67157 

67231 

673 0 5 

67380 

67454 

6752S 

67602 

67676 

67750 

1 

i 5 

22 

30 

37 

46 

21448 

21471 

21494 

21517 

2154 1 

21564 

21587 

21610 

zi6 33 

21656 

2 

5 

7 

9 

13 


67823 

67897 

67971 

68044 

68Xl8 

68191 

68264 

68337 

6841 X 

68484 

7 

J 5 

22 

29 

37 

47 

21679 

21703 

21726 

21749 

21772 

21794 

21817 

21840 

21863 

21886 

2 

5 

7 

9 

12 


68557 

68629 

68702 

68775 

68848 

68920 

68993 

69065 

69138 

69210 

7 

15 

22 

29 

36 

4 S 

21909 

21932 

21954 

21977 

22000 

22023 

22045 

22068 

22091 

22113 

2 

5 

7 

9 

11 


'69282 

69354 

69426 

69498 

69570 

69642 

69714 

69785 

69857 

69929 

7 

14 

22 

29 

36 

49 

22136 

22159 

22181 

22204 

22226 

22249 

22271 

22293 

22316 

22338 

2 

4 

7 

9 

11 


70000 

70071 

7 OI 43 

70214 

70285 

70356 

70427 

70498 

70569 

70640 

7 

14 

21 

2S 

36 


123 



Table XXVIII. Square Roots — continued 



O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

r 

2 

3 

4 

5 

5 ° 

22361 

22383 

22405 

22428 

22450 

22472 

22494 

22517 

22539 

22561 

2 

4 

7 

9 

11 


70711 

70781 

70852 

70922 

70993 

71063 

7 H 34 

71204 

71274 

71344 

7 

14 

21 

23 

35 


22583 

22605 

22627 

22650 

22672 

22694 

22716 

22738 

22760 

22782 

2 

4 

7 

9 

1 1 


71414 

71484 

71554 

71624 

71694 

71764 

71833 

7 I 9°3 

71972 

72042 

7 

14 

21 

28 

35 

52. 

22804 

22825 

22847 

22869 

22891 

22913 

22935 

22656 

22978 

23000 

2 

4 

7 

9 

11 


72111 

721S0 

72250 

72319 

72388 

7 2 457 

72526 

7^595 

72664 

72732 

7 

14 

21 

28 

34 

53 

23022 

2 3°43 

23065 

23087 

2310S 

23130 

23152 

23173 

23195 

23216 

2 

4 

6 

9 

11 


72801 

72870 

72938 

73007 

73075 

73144 

73212 

73280 

73348 

73417 

7 

14 

21 

27 

34 

54 

23238 

23259 

23281 

233°2 

23324 

23345 

23367 

23388 

23409 

23431 

2 

4 

6 

9 

1 1 


7348 s 

73553 

73621 

73689 

73756 

73824 

73892 

73959 

74027 

74095 

7 

14 

20 

27 

34 

55 

23452 

23473 

23495 

235 16 

23537 

23558 

2358° 

23601 

23622 

23643 

2 

4 

6, 

8 

ii 


74162 

74229 

74297 

74364 

74431 

74498 

74565 

74632 

74699 

74766 

7 

13 

20 

27 

34 

56 

23664 

23685 

23707 

23728 

23749 

23770 

23791 

C*> 

OO 

H 

23833 

23854 

2 

4 

6 

8 

1 1 


74833 

74900 

74967 

75033 

75100 

75166 

75233 

75299 

75366 

7543 2 

7 

13 

20 

27 

33 

57 

23875 

23896 

23917 

23937 

23958 

23979 

24000 

24021 

24042 

24062 

2 

4 

6 

8 

10 


75498 

7556 s 

75631 

75697 

75763 

75829 

75895 

75961 

76026 

76092 

7 

13 

20 

26 

33 

58 

24083 

24104 

24125 

2 4 r 4 S 

24166 

24187 

24207 

24228 

24249 

24269 

2 

4 

6 

8 

10 


76158 

76223 

76289 

76354 

76420 

76485 

76SSI 

76616 

76681 

76746 

7 

13 

20 

26 

33 

59 

24290 

24310 

2433 1 

24352 

24372 

24393 

24413 

24434 

24454 

24474 

2 

4 

6 

8 

10 


76811 

76877 

76942 

77006 

77071 

77136 

7720 X 

77266 

77330 

77395 

6 

13 

19 

26 

32 

60 

24495 

24515 

24536 

24556 

24576 

24597 

24617 

24637 

24658 

24678 

2 

4 

6 

8 

10 


77460 

77524 

77589 

77653 

77717 

77782 

77846 

77910 

77974 

78038 

6 

13 

19 

26 

32 

61 

24698 

24718 

24739 

24759 

24779 

24799 

24819 

24839 

24860 

24880 

2 

4 

6 

8 

10 


78102 

78166 

78230 

78294 

78358 

78422 

78486 

78549 

78613 

78677 

6 

13 

19 

26 

32 

62 | 

24900 

24920 

24940 

24960 

24980 

25000 

25020 

25040 

25060 

25080 

2 

4 

6 

8 

10 


78740 

78804 

78867 

78930 

78994 

79057 

79120 

79183 

79246 

79310 

6 

13 

19 

25 

32 

63 

25100 

25120 

25140 

25159 

25179 

25199 

25219 

25239 

25259 

25278 

2 

4 

6 

8 

Io 


79373 

79436 

79498 

79561 

79624 

79687 

7975 o 

79812 

79875 

79937 

6 

13 

19 

25 

3 i 

64 

25298 

25318 

25338 

25357 

25377 

25397 

25417 

2 5436 

25456 

25475 

2 

4 

6 

8 

10 


| 80000 

80062 

80125 

80187 

80250 

80312 

80374 

80436 

80498 

80561 

6 

12 

19 

25 

3 i 

65 

25495 

25515 

25534 

25554 

25573 

25593 

25612 

25632 

25652 

25671 

2 

4 

6 

8 

10 


80623 

80685 

80747 

80808 

80870 

80932 

80994 

81056 

81117 

81179 

6 

12 

19 

25 

3 i 

G 6 

25690 

25710 

25729 

25749 

25768 

25788 

25807 

25826 

25846 

25865 

2 

4 

6 

8 

IO 


81240 

81302 

81363 

81425 

8x486 

81548 

81609 

81670 

81731 

81792 

6 

12 

18 

25 

31 

67 

25884 

25904 

259 2 3 

25942 

25962 

25981 

26000 

26019 

26038 

26058 

2 

4 

6 

8 

IO 


81854 

81915 

81976 

82037 

82098 

82158 

82219 

82280 

82341 

82401 

6 

12 

18 

24 

3 ° 

68 

26077 

26096 

26x15 

26x34 

26153 

26173 

26192 

26211 

26230 

26249 

2 

4 

6 

8 

IO 


82462 

82523 

82583 

82644 

82704 

82765 

8282 5 

82885 

82946 

83006 

6 

12 

18 

24 

3 ° 

69 

26268 

26287 

26306 

26325 

26344 

26363 

26382 

26401 

26420 

26439 

2 

4 

6 

8 

10 


83066 

83126 

83187 

83 2 47 

83307 

83367 

83427 

83487 

83546 

83606 

6 

12 

18 

24 

3 ° 

70 

26458 

26476 

26495 

26514 

26533 

26552 

26571 

26589 

26608 

26627 

2 

4 

6 

8 

9 


83666 

83726 

83785 

83845 

83905 

83964 

84024 

84083 

84143 

84202 

6 

12 

18 

24 

3 ° 

7 i 

26646 

26665 

26683 

26702 

26721 

26739 

26758 

26777 

26796 

26814 

2 

4 

6 

7 

9 


84261 

84321 

84380 

84439 

84499 

84558 

8461 7 

84676 

84735 

84794 

6 

12 

18 

24 

3 ° 

72 

26833 

26851 

26870 

26889 

26907 

26926 

26944 

26963 

26981 

27000 

2 

4 

6 

7 

9 


84853 

84912 

84971 

85029 

85088 

85147 

85206 

85264 

85323 

85381 

6 

12 

18 

23 

29 

73 

27019 

27037 

27055 

27074 

27092 

2)111 

27X2g 

27x48 

27166 

27185 

2 

4 

6 

7 

9 


85440 

85499 

85557 

85615 

85674 

85732 

85790 

85849 

85907 

85965 

6 

12 

17 

23 

29 

74 

27203 

27221 

27240 

27258 

27276 

27295 

27313 

27331 

2735 ° 

27368 

2 

4 

5 

7 

9 


86023 

86081 

86139 

86197 

86255 

86313 

86371 

86429 

86487 

86545 

6 

1 2 

17 

23 

29 


i 


124 



Table XXVIII. Square Roots — continued 


° 1 2 3 4 5 6 7 8 912345 

75 27386 27404 2 74 2 3 27441 27459 27477 27495 27514 2 753 2 2755° 24579 



86603 

86660 

86718 

86776 

86833 

86891 

76 

27568 

27586 

27604 

27622 

27641 

27659 


87178 

87235 

87293 

87350 

87407 

87464 

77 

27749 

27767 

27785 

27803 

27821 

27839 


s 77So 

87807 

87864 

S7920 

87977 

88034 

78 

27928 

27946 

27964 

27982 

28000 

28018 


88318 

88374 

88431 

88487 

88544 

88600 

79 

28107 

28125 

28142 

28160 

28178 

28196 


88882 

88938 

88994 

89051 

89107 

89163 

80 

2S284 

28302 

28320 

28337 

28355 

28373 


89443 

89499 

89554 

89610 

89666 

89722 

81 

28460 

28478 

28496 

28513 

28531 

28548 


90000 

90056 

90m 

90167 

902 2 2 

90277 

S2 

28636 

28653 

28671 

28688 

28705 

28723 


90554 

90609 

90664 

90719 

90774 

90830 

S3 

28810 

28827 

28844 

28862 

28879 

28896 


91 1 04 

9**59 

9*214 

91269 

9*324 

91378 

84 

28983 

29000 

29017 

29034 

29052 

29069 


91652 

91706 

91761 

91815 

91869 

91924 

85 

29155 

29172 

29189 

29206 

29223 

29240 


92195 

92250 

92304 

92358 

92412 

92466 

86 

29326 

29343 

29360 

29377 

29394 

29411 


92736 

92790 

92844 

92898 

92952 

93005 

87 

29496 

29513 

29530 

29547 

29563 

29580 


93274 

93327 

93381 

93434 

93488 

9354* 

88 

29665 

29682 

29698 

297*5 

29732 

29749 


93808 

93862 

939*5 

93968 

94021 

94074 

89 

1 29833 

29850 

29866 

29883 

29900 

299*7 


; 9434° 

| 

94393 

94446 

94499 

94552 

94604 

90 

30000 

30017 

30033 

30050 

30067 

30083 


94868 

94921 

94974 

95026 

95079 

95*3* 

91 

1 3 OI 66 

30183 

30199 

30216 

30232 

30249 


; 95394 

95446 

95499 

9555* 

95603 

95 6 56 

92 

30332 

30348 

30364 

30381 

30397 

304*4 


959*7 

95969 

96021 

96073 

96125 

96177 

93 

! 30496 

3°5*2 

3 0 529 

30545 

30561 

30578 

| 96437 

96488 

96540 

96592 

96644 

96695 

94 

! 30659 

30676 

30692 

30708 

30725 

30741 


; 9 6 954 

97005 

97057 

97108 

97160 

97211 

95 

| 30822 

30838 

30S54 

30S71 

30887 

30903 


97468 

975*9 

9757° 

97622 

97673 

97724 

96 

1 30984 

31000 

31016 

3*032 

31048 

31064 

97980 

98031 

98082 

98*33 

98184 

98234 

97 

3**45 

31161 

3**77 

3 * *93 

3*209 

3*225 

i 9 8 4 s 9 

98539 

98590 

98641 

98691 

98742 

98 

| 3*305 

3*32* 

3*337 

3*353 

3i3 6 9 

3*385 


j 98995 

99045 

99096 

99146 

99*97 

99247 

99 

| 31464 

31480 

3*496 

3*5*2 

3*528 

3*544 


! 99499 

99549 

99599 

99649 

99700 

9975° 


86948 

87006 

87063 

87121 

6 

12 

*7 

23 

29 

27677 

27695 

277*3 

27731 

2 

4 

5 

7 

9 

87521 

87579 

87636 

87693 

6 

11 

*7 

23 

29 

27857 

27875 

27893 

27911 

2 

4 

5 

7 

9 

88091 

88148 

88204 

88261 

6 

11 

*7 

23 

28 

28036 

28054 

28071 

28089 

2 

4 

5 

7 

9 

S8657 

88713 

88769 

88826 

6 

11 

*7 

23 

28 

28213 

28231 

28249 

28267 

2 

4 

5 

7 

9 

89219 

89275 

89331 

89387 

6 

11 

*7 

22 

28 

28390 

28408 

28425 

28443 

2 

4 

5 

7 

9 

89778 

89833 

89889 

89944 

6 

11 

*7 

22 

28 

28566 

28583 

28601 

28618 

O 

4 

5 

7 

9 

90333 

90388 

90443 

90499 

6 

11 

*7 

22 

28 

28740 

28758 

28775 

28792 

2 

3 

5 

7 

9 

90885 

90940 

9°995 

91049 

6 

11 

16 

22 

28 

28914 

28931 

28948 

28965 

2 

3 

5 

7 

9 

9*433 

9148S 

9*542 

9*597 

5 

11 

16 

22 

27 

29086 

29103 

29120 

29138 

2 

3 

5 

7 

9 

91978 

92033 

92087 

92141 

5 

11 

16 

22 

27 

29257 

29275 

29292 

29309 

2 

3 

5 

7 

9 

92520 

92574 

92628 

92682 

5 

11 

16 

22 

27 

29428 

29445 

29462 

29479 

1 

3 

5 

7 

8 

93059 

93**3 

93167 

93220 

5 

11 

16 

22 

27 


39597 29614 29631 29648 3 3 5 7 8 

93595 93 6 48 93702 93755 s 11 16 21 27 

29766 29783 29799 29816 2 3 5 7 8 

94128 94181 94234 94287 5 11 16 21 27 

2 9933 2 995o 29967 29983 2 3 5 7 S 

94657 94710 94763 94816 5 11 16 21 26 

30100 30116 30133 30150 23578 

95184 95237 95289 95341 5 11 16 21 26 

30265 30282 30299 30315 2 3578 

95708 95760 95812 95864 5 10 16 21 26 

30430 30447 30463 30480 ■''‘23578 

96229 96281 96333 96385 5 10 16 21 26 

30594 30610 30627 30643 23578 

96747 96799 96850 96902 5 lo 16 21 26 

30757 30773 30790 30806 23578 

97263 97314 97365 97417 5 *° 15 21 26 

30919 30935 30952 30968 2 3 5 6 8 

97775 97826 97877 97929 5 10 15 20 26 

31081 31097 31113 31129 23568 

98285 98336 98387 98438 5 10 15 20 25 

31241 31257 31273 31289 23568 

98793 98843 98894 98944 5 10 15 20 25 

31401 31417 31432 31448 23568 

99298 9934 s 99398 99448 5 10 15 20 2 5 

31559 3 I 575 3i59i 3 J 6o7 23568 

99800 99850 99900 99950 5 10 15 20 25 


P 



Table XXIX. Reciprocals 



O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diffs* 

i-o 

1*000000 

990099 

980392 

970874 

961538 

952381 

943396 

934579 

925926 

9 i 743 i 



-9901 

-9707 

- 95 1 8 

-9336 

-9157 

-8985 

-8817 

-8653 

-8495 

-B340 


1*1 

•909091 

900901 

892857 

884956 

877193 

869565 

,862069 

854701 

847458 

840336 



-8190 

-8044 

-7901 

-7763 

-7628 

-7496 

-7368 

-7243 

-7122 

-7003 


1-2 

■833333 

836446 

819672 

813008 

806452 

800000 

793651 

787402 

781250 

775194 



-G887 

-6774 

— 666«t 

-6556 

-6452 

-6349 

-6249 

-6152 

-6056 

-5963 


i '3 

■769231 

763359 

757576 

751S80 

746269 

740741 

735294 

729927 

724638 

719424 



-5S72 

-5783 

-5696 

-5611 

-5528 

-5447 

- 53 6 7 

-5289 

-5214 

-5138 


1*4 

• 714286 

709220 

704225 

699301 

694444 

689655 

684932 

680272 

675676 

671141 



-5066 

-4995 

-4924 

-4857 

-4789 

-4723 

-4660 

-4596 

-4535 

-4474 


I'S 

■ 666667 

662252 

657895 

653595 

64935 1 

645161 

641026 

636943 

632911 

628931 



-4415 

-4357 

-4300 

-4244 

-4190 

-4135 

-4083 

-4032 

-3980 

-3931 


i-6 

■ 625000 

621118 

617284 

613497 

609756 

606061 

602410 

598802 

595238 

591716 



-3882 

-3834 

-3787 

-3741 

-3695 

-3651 

-3608 

-3564 

-3522 

-3 48 1 


1-7 

■ 588235 

5 S 4795 

581395 

578035 

574713 

571429 

568182 

564972 

561798 

558659 



-3440 

-3400 

-336° 

-3322 

-3284 

-3247 

-3210 

_ 3 i 74 

-3139 

— 3 io 3 


1-8 

•555556 

552486 

549451 

546448 

543478 

540541 

537634 

534759 

531915 

529101 



-3070 

-3035 

-3003 

-2970 

-2937 

-2907 

-2875 

-2844 

-2814 

-2785 


i -9 

•526316 

S 23 S 6 o 

520833 

518135 

5^464 

512821 

510204 

507614 

SOSOSI 

502513 



-2756 

—2727 

-2698 

-2671 

-2643 

— 2617 

-2590 

-2563 

-2538 

-2513 


2-0 

■ 500000 

497512 

49505° 

492611 

490196 

487805 

485437 

483092 

480769 

478469 



-2488 

-2462 

-2439 

-2415 

-2391 

-2368 

-2345 

-2323 

-2300 

-2279 


2-1 

• 476190 

473934 

471698 

469484 

467290 

465116 

462963 

460829 

458716' 

456621 



-2256 

-2236 

-2214 

-2194 

-2174 

-2153 

-2134 

-2113 

-2095 

-2076 


2‘ 2 

■454545 

452489 

450450 

448430 

446429 

444444 

442478 

440529 

438596 

436681 



-2056 

-2039 

-2020 

-2001 

-1985 

-1966 

-1949 

-1933 

-1915 

-1898 


2-3 

•434783 

432900 

431034 

429185 

427350 

425532 

423729 

421941 

420168 , 

418410 



-1883 

-1866 

-1849 

-1835 

-1818 

-1803 

-1788 

-1773 

-1758 

-1743 


2-4 

•416667 

414938 

443223 

411523 

409S36 

408163 

406504 

404858 

403226 

401606 



-1729 

-171S 

- 1 700 

-1687 

-1673 

-1659 

-1646 

-1632 

-1620 

-160O 


2-5 

• 400000 

398406 

396825 

395257 

393701 

392157 

390625 

389105 

387597 

386100 

-1544 

2* 6 

•384615 

3 8 3 i 42 

381679 

380228 

378788 

377358 

375940 

374532 

373134 

371747 

-1430 

2-7 

•370370 

369004 

367647 

366300 

364964 

363636 

362319 

361011 

359712 

358423 

-1327 

2' 8 

■357143 

355872 

354610 

353357 

352113 

350877 

349650 

348432 

347222 

346021 

! -1236 

2-9 

•344828 

343643 

342466 

341297 

340136 

33 8 983 

337838 

336700 

335570 

334448 

( -1153 

3 ’° 

'333333 

332226 

331126 

330033 

328947 

327869 

326797 

325733 

324675 

323625 

-1079 

3 'i 

•322581 

3 21 543 

320513 

319489 

318471 

317460 

316456 

3 I 54 S 7 

314465 

313480 

-ion 

3-2 

• 312500 

31:1526 

340559 

309598 

308642 

307692 

306748 

3058m 

304878 

303951 

-950 

3' 3 

1 3 ° 3 ° 3 ° 

302115 

301205 

300300 

299401 

298507 

297619 

296736 

295858 

294985 

-894 

3 ' + 

■ 294118 

293255 

292398 

291545 

290698 

289855 

289017 

288184 

287356 

286533 

| -843 

3-5 

■285714 

284900 

284091 

283286 

282486 

281690 

280899 

280112, 

279330 

278552 

-796 

3-6 

■277778 

277008 

276243 

275482 

274725 

273973 

273224 

272480 

271739 

271003 

-753 

3'7 

• 270270 

269542 

268817 

268097 

267380 

266667 

265957 

265252 

264550 

263852 

-713 

3-8 

•263158 

262467 

261780 

261097 

26041 7 

259740 

259067 

258398 

257732 

257069 

-677 

3'9 

• 256410 

255754 

255102 

254453 

253807 

253^5 

252525 

251889 

251256 

250627 

-643 

4 '° 

• 250000 

249377 

248756 

248139 

247525 

246914 

246305 

245700 

245098 

244499 

i - 6l1 

41 

■243902 

243309 

242718 

242131 

241546 

240964 

240385 

259808 

239234 

238663 

| -582 

4-2 

•238095 

237530 

236967 

236407 

235849 

235294 

234742 

234192 

233645 

233100 

-555 

4' 3 

•232558 

232019 

23148 1 

230947 

230415 

229885 

22 935 8 

228833 

228311 

227790 

- 53 ° 

4'4 

•227273 

226757 

226244 

225734 

225225 

224719 

224215 

223714 

223214 

222717 

-506 

4 'S 

• 222222 

221729 

22x239 

220751 

220264 

219780 

219298 

218818 

218341 

217865 

-484 

4-6 

•217391 

216920 

216450 

215983 

2I 55 I 7 

215054 

214592 

214133 

213675 

213220 

-463 

47 

■ 212766 

212314 

211864 

211416 

210970 

210526 

210084 

209644 

209205 

208768 

-444 

4-8 

•208333 

207900 

207469 

207039 

206612 

206186 

205761 

205339 

204918 

204499 

—426 

4'9 

• 204082 

203666 

203252 

202840 

2O2429 

202020 

201613 

201207 

200803 

200401 

-409 


Tabular differences up to 2-5, and mean differences thereafter. DiSerences are negative. 



Table XXIX. Reciprocals — contmued 


( 

1 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 1 

Diffs* 

i 

5 '° 

• 200000 

199601 

199203 

I>» 

O 

1 00 

00 
CA 

M 

198413 

198020 

197628 

197239 

196850 

196464 

-393 

5 'i 

■ 196078 

195695 

* 953*2 

194932 

*94553 

* 94*75 

*93798 

193424 

19305° 

192678 

-378 

5‘2 

■ 192308 

191939 

* 9 * 57 * 

19*205 

190840 

190476 

190114 

189753 

189394 

189036 

-364 

5‘3 

■ 188679 

188324 

187970 

187617 

187266 

186916 

186567 

186220 

185874 

185529 

- 35 ° 

5’4 

•185185 

184843 

184502 

184162 

183824 

183486 

183150 

182815 

182482 

182149 

-337 

5'5 

■181818 

181488 

181159 

180832 

180505 

180180 

179856 

*79533 

179211 

178891 

-325 

S’ 6 

■178571 

178253 

177936 

177620 

* 773 °S 

176991 

176678 

176367 

176056 

*75747 

■ 3*4 

5-7 

■175439 

* 75 * 3 * 

174825 

174520 

174216 

* 739*3 

173611 

* 733 *° 

173010 

172712 

- 3°3 

5-3 

■172414 

172117 

171821 

171527 

17*233 

170940 

170648 

i 7 0 358 

170068 

169779 

-293 

5-9 

• 169492 

169205 

168919 

168634 

168350 

168067 

167785 

167504 

167224 

166945 

-283 

6-o 

• 166667 

166389 

1661 13 

165837 

165563 

165289 

165017 

164745 

164474 

164204 

-274 

6- 1 

• 163934 

163666 

163399 

163132 

162866 

162602 

162338 

162075 

161812 

*61551 

-265 

6-2 

• 161290 

161031 

160772 

160514 

160256 

160000 

*59744 

159490 

159236 

158983 

-256 

6-3 

•158730 

158479 

158228 

157978 

157729 

157480 

*57233 

156986 

156740 

156495 

-248 

6-4 

•156250 

156006 

*55763 

I 5552 I 

155280 

155039 

*54799 

154560 

* 543 2 * 

*54083 

-241 

6-5 

■153846 

153610 

*53374 

* 53*39 

*52905 

152672 

152439 

152207 

151976 

* 5*745 

-233 

6-6 

•* 5 * 5*5 

15 1.286 

* 5*057 

150830 

150602 

*50376 

150*50 

*49925 

i 497 oi 

149477 

—226 

6-7 

■149254 

149031 

148810 

148588 

148368 

148148 

147929 

147710 

*47493 

147275 

—220 

6-8 

■147059 

146843 

146628 

146413 

146199 

*45985 

*45773 

i 4556 o 

*45349 

145*38 

-213 

6-9 

• 144928 

144718 

144509 

144300 

144092 

143885 

143678 

*43472 

143266 

143062 

-207 

7-0 

■142857 

*42 653 

142450 

142248 

142045 

141844 

14*643 

* 4*443 

14*243 

141044 

-201 

7 -x 

■ 140845 

I40647 

140449 

140252 

140056 

139860 

139665 

139470 

139276 

139082 

—196 

7-2 

■ 138889 

138696 

138504 

138313 

138122 

* 3793 * 

* 3774 * 

*37552 

137363 

* 37*74 

-* 9 * 

7*3 

■ 136986 

I36799 

136612 

136426 

136240 

136054 

135870 

*35685 

135501 

* 353*8 

-185 

7‘4 

•* 35*35 

*34953 

* 3477 * 

* 3459 ° 

134409 

134228 

134048 

133869 

133690 

* 335 ** 

-180 

7 -S 

•133333 

133156 

132979 

132802 

132626 

132450 

132275 

I32IOO 

131926 

13*752 

-176 

7-6 

•* 3*579 

131406 

13*234 

131062 

130890 

130719 

130548 

130378 

130208 

130039 

-* 7 * 

7'7 

•129870 

129702 

*29534 

129366 

129199 

129032 

128866 

128700 

128535 

128370 

-167 

7 -S 

• 128205 

128041 

127877 

127714 

I 2755 I 

127389 

127226 

127065 

126904 

126743 

-162 

7-9 

•126582 

126422 

126263 

126103 

* 2594 S 

125786 

125628 

12547 * 

1253*3 

125156 

-158 

8-o 

•125000 

1 24844 

124688 

124533 

124378 

124224 

124069 

123916 

123762 

123609 

-*55 

8-i 

■123457 

*23305 

*23*53 

123001 

122850 

122699 

122549 

122399 

122249 

122 100 

-* 5 * 

8-2 

■121951 

121803 

121655 

121507 

121359 

121212 

121065 

120919 

120773 

120627 

-*47 

8-3 

• 120482 

120337 

120192 

120048 

1 19904 

119760 

119617 

119474 

119332 

119190 

-144 

8-4 

■ 119048 

1 18906 

1*8765 

118624 

118483 

118343 

118203 

118064 

117925 

117786 

-140 

8-5 

•117647 

117509 

** 737 * 

117233 

117096 

116959 

116822 

116686 

116550 

116414 

-*37 

8-6 

| -116279 

116144 

116009 

115875 

1 * 574 * 

115607 

1*5473 

115340 

115207 

115075 

_ *34 

8-7 

! 'I 14943 

H 

W 

OO 

H 

W 

114679 

11454S 

114416 

114286 

1 * 4*55 

114025 

113895 

113766 

-*3 * 

8-8 

•II3636 

II 3507 

**3379 

**325° 

113122 

112994 

112867 

112740 

112613 

112486 

-128 

8-9 

1 -112360 

112233 

112108 

111982 

111857 

111732 

111607 

111483 

1**359 

1**235 

-125 

9-0 

•min 

110988 

110865 

110742 

110619 

110497 

110375 

110254 

110132 

1 IOOII 

—122 

g-i 

: 109890 

109769 

109649 

109529 

109409 

109290 

109170 

109051 

108932 

108814 

-120 

9-2 

• 108696 

108578 

108460 

108342 

108225 

108108 

107991 

107875 

107759 

107643 

-i *7 

9' 3 

■107527 

107411 

107296 

107181 

107066 

106952 

106838 

106724 

106610 

106496 

-**S 

9-4 

•106383 

106270 

106157 

106045 

105932 

105820 

105708 

105597 

*05485 

105374 

-1 1 2 

9 ' S 

■105263 

*05152 

105042 

104932 

104822 

1047 1 2 

104603 

104493 

104384 

104275 

-no 

g-6 

■ 104167 

104058 

*“ 395 ° 

103842 

103734 

103627 

103520 

i° 34*3 

103306 

103199 

-108 

9‘7 

■103093 

102987 

102881 

102775 

102669 

102564 

102459 

102354 

X02249 

102145 

-*°5 

9-8 

■ 102041 

101937 

101833 

101729 

101626 

*01523 

101420 

101317 

IOI 2 I 5 

10X112 

-103 

9’9 

■ ioioio 

100908 

100806 

100705 

100604 

100503 

100402 

100301 

100200 

100100 

-TOI 


Thus 1/4-214 = 0-237530—0-000222 = 0-237308, since 0-4 X 555 = 222 (correct value 0-237304). 
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No. 

factorial. 

I 

1 

2 

2 

3 

6 

4 

24 

5 

120 

6 

720 

7 

5040 

8 

40320 

9 

362880 

IO 

3-62880 

II 

3-99168 

12 

4- 79OO2 

13 

6-22702 

14 

8-71783 

x 5 

1-30767 

16 

2-09228 

17 

3-55687 

18 

6-40237 

19 

i- 21645 

20 

2-43290 

21 

5- 10909 

22 

I* 12400 

23 

2-58520 

24 

6-20448 

25 

1-5502 

26 

4-03291 

27 

1-08889 

28 

3-04888 

29 

8-84176 

30 

2-65253 

3 1 

8-22284 

32 

2-63131 

33 

8-68332 

34 

2-95233 

35 

I- 0333 1 

3 6 

3 - 7 X 993 

37 

1-37638 

38 

5 ' 2 3° 2 3 

39 

2-03979 

40 

8-15915 

4 1 

3-34525 

42 

1-40501 

43 

6-04153 

44 

2-65827 

45 

i- 19622 

46 

5-50262 

47 

2-58623 

48 

1-24139 

49 

6-08282 

So 

3-04141 


Table XXX. Factorials 


Logarithm. 


No, 


O'OOO oooo 

0-30I 0300 

0- 778 1513 

1- 3 8 o 2112 
2.079 1812 

2 - 857 3325 

3.702 4305 

4.505 520s 

5- 559 763° 

6 - 559 7630 

7- 601 1557 

8- 680 3370 

9- 794 2803 

10-940 4084 

12- 116 4996 

13- 320 6196 

1 4 - S 5 1 °68S 

15- 806 3410 

17- 085 0946 

18- 386 1246 

19- 708 3439 

21- 050 7666 

22- 412 4944 

23- 792 7057 

25- 190 6457 

26- 605 6190 

28- 036 9828 

29- 484 1408 

30- 946 5388 

32- 423 6601 

33- 915 0218 

35- 420 1717 

36- 938 6857 
38-470 1646 

40- 014 2326 

41 - 57 ° 5351 
43 fI 38 7369 
44-718 5205 

46- 309 5851 

47- 911 6451 

49-524 4289 

51- 147 6782 

52- 781 1467 
54-424 5993 

56- 077 8119 

57- 740 5697 
59-412 6676 

61- 093 9°88 

62- 784 1049 
64-483 0749 


Factorial. 


51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

7 1 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

9 1 

92 

93 

94 

95 

96 

97 

98 

99 
100 


1- S 5 112 
8-06582 
4-27488 

2- 30844 

1- 26964 

7- 10999 

4- 05269 

2 - 35056 
1-38683 

8- 32099 

5- 07580 

3- 14700 
1-98261 

1- 26887 
8-24765 

5 - 44345 

3- 64711 

2- 48004 
1-71122 

1- 19786 

8-50479 

6- 12345 

4- 4701 
3 ‘ 30789 

2- 48091 

1-88549 
1-45183 

1- i 3 2 43 
8-94618 

7 - 15695 

5 ' 797 i 3 

4 ’ 7 S 364 

3-94552 

3 - 3 H 2 4 

2- 81710 

2-42271 
2- 10776 
1-85483 
1-65080 
1-48572 

1-35200 

1-24384 
I-I 5677 
1-08737 
1-03300 

9-91678 
9-61928 
9-42689 
9-33262 
9-33262 


Logari thm. 

66 - 190 6450 

67- 906 6484 
69-630 9243 
71-363 3 i8 ° 

73- 103 6807 

74- 851 8687 
76-607 7436 
78-371 1716 

80- 142 0236 

81- 920 1748 

83-705 5047 
85-497 8964 
87-297 2369 

89- 103 4169 

90- 916 3303 

92-735 8 74 2 
94-561 9490 

96-394 4579 

98-233 3070 

100- 078 4050 

101- 929 6634 
103-786 9959 
105-650 3187 
107-519 55°5 
109-394 6x17 

111-275 4 2 S 3 
113-161 9160 

115- 054 0106 

116- 951 6377 
118-854 7277 

120-763 2127 
122-677 0266 
124-596 1047 
126-520 3840 
128-449 8029 


142- 094 


I 53-974 


157-970 


No. i 

Factorial. 

Logarithm. 

1 

j 101 

9-42595 

XS 9-974 3250 

1 102 

9-61447 

161-982 9252 

103 

9*90290 

i6 3'995 7624 

104 

1*02990 

166-012 7958 

i °5 

1-08140 

168-033 9851 

106 

i- 14628 

170-059 2909 

107 

1-22652 

172-088 6747 

108 

1-32464 

174-122 0985 

109 

1-44386 

176-159 5250 

1 IO 

1-58825 

178-200 9176 

III 

1-76295 

l80*246 2406 

1 1 2 

1-97451 

182-295 4586 

113 

2-23119 

184-348 5371 

1 14 

2-54356 

186-405 4419 

US 

2-92509 

188-466 1398 

116 

3-39311 

190-530 5978 

117 

3-96994 

192-598 7836 

118 

4-68453 

194 670 6656 

119 

5-57459 

196-746 2126 

120 

6-68950 

198-825 3938 

1 2 I 

8-09430 | 

200-908 1792 

122 

9-87504 

202-994 5390 

123 

1-21463 

205-084 4442 

124 

1-50614 

207-177 8658 

125 

1-88268 

209-274 7759 

126 

2-37217 

2 ii -375 1464 

127 

3-01266 

213-478 9501 

128 

3-856Z0 

215-586 1601 

I29 

4 - 9745 ° 

217-696 7498 

130 

6-46686 

219-810 6932 

131 

8-47158 

221-927 9645 

132 

1-11825 

224-048 5384 

133 

1-48727 

226-172 3900 

134 

1-99294 

228-299 4948 

135 

2-69047 

230-429 8286 

136 

3-65904 

232-563 3675 

137 

5-01289 

234-700 0881 

138 

6 - 9 I 779 

236-839 9672 

139 

9-61572 

238-982 9820 

. 140 

1-34620 

241*129 1100 

141 

i- 89814 

243-278 3291 

) I42 

2-69536 

245-430 6174 

> 143 

3-85437 

247-585 9535 

! 144 

5-55029 

249-744 3160 

l 145 

8-04793 

251-905 6840 

1 146 

1-17500 

254-070 0368 

♦ 147 

1-72725 

256-237 3542 

5 148 

2-55632 

258-407 6159 

7 149 

3-80892 

260- 580 8022 

7 150 

5 ' 7 I 338 

262-756 8934 


: -whole number of the logarithm . 
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Table XXX. Factorials — continued 


No. | 

Factorial, j 

J5 1 

1 

8-612721 | 

1 S 2 

I" 3 1 T 34 j 

i53 

2- 00634 

i54 

3-08977 

155 

4-789x4 

156 

7-47106 

157 

1- 17296 

IS8 

1-85327 

159 

2- 94670 

160 

4-7x472 

161 

7-5907I 

162 

1-22969 

163 

2- OO44O 

164 

3- 28722 

165 

5'4 2 39 I 

166 

9-00369 

167 

1-50362 

168 

2- 52608 

169 

4' 26907 

170 

7-25742 

171 

I- 24102 

172 

s -13455 

173 

3-69277 

174 

6-4 2 543 

175 

1-12445 

176 

1-97903 

177 

3-50289 

178 

6-23514 

179 

i- 11609 

180 

2-00896 

181 

3- 63622 

182 

6-61792 

183 

i- 21108 

184 

2-22839 

185 

4-12251 

186 

7- 66787 

187 

1-43389 

188 

2-69572 

189 

5' °949 I 

190 

9-68032 

191 

i- 84894 

192 

3-54997 

193 

6-85144 

194 

1-32918 

I9S 

2-59190 

196 

5-08012 

197 

1-00078 

198 

i’9 8l 5S 

199 

3-94329 

200 

7-88658 


Logarithm. 


264-935 

8704 

207' : . 7 

7139 

269 302 

4°54 

271-489 

9261 

273-680 

257 8 

275-873 

3824 

278-069 

2820 

280- 267 

9391 

282-469 

3363 

284-673 

4562 

286- 880 

282 1 

289-089 

7971 

291-301 

9847 

293-516 

8286 

295-734 

3125 

297-954 

4206 

300-177 

I37 1 

302-402 

4464 

304-630 

333 1 

306-860 

7820 

309-093 

778 i 

311-329 

3000 

3 I 3' 567 

3527 


3iS'8o7 9019 
318-050 9400 

320-296 4526 
322-544 4259 
324-794 8459 
327-047 6989 
329-302 9714 

33 1- 5 6 ° 6 5°° 
333-820 72x4 
336-083 1725 
338-347 9903 
340-615 1620 

342-884 6750 
345' 1 S6 5 l6 6 
347-430 6744 
349-707 1362 
3S 1 ' 985 8898 

354-266 9232 
3S 6 'S5° 2244 
358-835 7817 
361-123 5835 
363-413 6181 

365-705 8742 
368-000 3404 
370-297 0056 
37 2 ' 595 8 586 
374-896 8886 


No. 

Factorial. 

Logarithm. 

No. 

Factorial. 

Lnga ritlim. 

201 

1-58520 

377-200 0847 

251 

8-11447 

494-909 2601 

202 

3* 20211 

379’ 5°5 4361 

252 

2-04485 

497-310 6607 

203 

6- 50028 

381-812 9321 

253 

5-17346 

499-713 7S12 

204 

1-32606 

384-122 5623 

254 

1-31406 

502-118 6149 

205 

2-71842 

38 6 -434 3 lfil 

255 

3- 35085 

504-525 1551 

206 

5* 59994 

388-748 1834 

256 

8-57818 

506-933 3950 

207 

1-15919 

301-064 1537 

257 

2-20459 

509-343 3282 

208 

2*41111 

3^3-382 2170 

258 

5-68785 

511-754 9479 

209 

5-03922 

395'7°2 3633 

259 

1 '473 I 5 

514-168 2476 

210 

1-05824 I 

398-024 5826 

260 

3-83020 

516-583 2210 

211 

2-23288 j 

400-348 8651 

261 

9-99681 

518-999 8615 

212 

4-7337° 

402-675 2009 - 

262 

2-61916 

521-418 1628 

213 

1-00828 

4°5'°°3 5805 

263 

6-88840 

523-838 1185 

214 

2-15772 

407-333 9943 

264 

1-81854 

526-259 7225 

215 

4-63909 

409-660 4328 

265 

4-81913 

528-682 9683 

216 

1*00204 

412-000 8865 

266 

i- 28189 

531-107 8500 

217 

2-17443 

4 1 4"337 3463 

267 

3-42264 

533-534 3612 

218 

4-74027 

416-675 8027 

268 

9- 17268 

535-962 4960 

219 

1-03812 

419-016 2469 

269 

2-46745 

538-392 2483 

220 

2- 28386 

421-358 6695 

2 70 

6- 66211 

540-823 6121 

! 221 

5"°4733 

423-703 0618 

271 

1-80543 

543-256 5814 

222 

I* 12051 

426-049 4148 

272 

4- 91078 

545-691 1503 

1 223 

2-49873 

428-397 7197 

273 

i- 34064 

548-127 3x29 

224 

5-59716 

430-747 9677 

274 

3' 67336 

550-565 ° 6 35 

225 

1-25936 

433-100 1502 

275 

i- 01017 

553-004 3962 

226 

2-84616 

435-454 2586 

276 

2- 78808 

555'445 3052 

227 

6-46077 

437-810 2845 

277 

7- 72298 

557-887 7850 

228 

1-47306 

440-168 2193 

278 

2- 14699 

560-331 8298 

229 

3-3733° 

442-528 0548 

279 

5-99010 

562-777 434° 

230 

7-7S859 

444-889 7827 

280 

1-67723 

565-224 5920 

231 

1-79223 

447-253 3946 

281 

4-7130I 

567-673 2984 

1 232 

4-15798 

449-618 8826 

282 

1-32907 

570-123 5475 

233 

9-68810 

451-986 2385 

283 

3- 76126 

572-575 3339 

2 34 

2-26702 

454-355 4544 

284 

I-O6820 

575-028 6523 

2 35 

S-3 2 749 

456-726 5223 

285 

3-°4437 

577-4S3 497 1 

236 

1-25729 

459-099 4343 

286 

8-70689 

579-939 8631 

2 37 

2-97977 

461-474 1826 

287 

2-49888 

582-397 7450 

238 

7-09185 

463-850 7596 

288 

7-19677 

584-857 1375 

239 

1-69495 

466-229 1575 

289 

2-07987 

587-318 0354 

240 

4- 06789 

468-609 3687 

290 

6-03161 

589-780 4334 

241 

q- 80360 

470-991 3857 

291 

1-75520 

592-244 3264 

242 

2-37 2 47 

473-375 2011 

292 

5-12518 

594-709 7092 

243 

5-76511 

475-760 8074 

293 

I- 50168 

597-176 5768 

244 

1-40669 

478-148 1972 

294 

4-4I493 

599-644 9242 

2 45 

3-44638 

48o-537 3633 

295 

1-30241 

602-114 7462 

246 

8-47810 

482-928 2984 

296 

3-855I2 

604-586 0379 

247 

2-09409 

485-320 9954 

297 

1-14497 

607-058 7943 

248 

5" I 9334 

487-7x5 447° 

298 

3-41201 

6o9-533 0106 

2 49 

250 

1-29314 

3-23286 

490-1x1 6464 
492-509 5864 

299 

300 

1*02019 

3*06058 

612*008 6818 
614-485 8030 


For higher values, and non-integral *>6 (or *>1-5 for 4-%^ accuracy), use : 

log xl = (*+J)log a+Jlog 2n- {x— — + 3 ) Ic, S *- 
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Table XXXI. Natural Sines 


1 

o' 

6' 

12' 

18' 

24' 

3 o' 

36 ' 

42' 

48' 

54 ' 

T 

2' 

3 ' 

0 

• 00000 

00175 

00349 

00524 

00698 

00873 

01047 

01222 

01396 

01571 

29 

58 

87 

I 

•01745 

01920 

02094 

02269 

02443 

02618 

02792 

02967 

03141 

03316 

29 

58 

87 

2 

•0349° 

03664 

03 8 39 

04013 

04188 

04362 

04536 

04711 

04885 

05059 

29 

58 

87 

3 

•05234 

05408 

05582 

05756 

05931 

06105 

06279 

06453 

06627 

06802 

29 

58 

87 

i 

■06976 

07150 

07324 

07498 

07672 

07846 

08020 

08194 

08368 

08542 

29 

58 

87 

5 

■08716 

08889 

09063 

09237 

0941 1 

095 8 5 

09758 

09932 

10106 

10279 

29 

58 

87 

6 

•I 04 S 3 

10626 

10800 

10973 

11147 

11320 

11 494 

11667 

11840 

12014 

29 

58 

87 

7 

■12187 

12360 

12533 

12706 

12880 

13053 

13226 

13399 

13572 

13744 

29 

58 

86 

8 

•13917 

14090 

14263 

14436 

14608 

14781 

14954 

15126 

15299 

i 547 i 

29 

58 

86 

9 

•15643 

15816 

15988 

16160 

16333 

16505 

16677 

16849 

17021 

17193 

29 

57 

86 

10 

•1736S 

I 7 S 37 

17708 

17880 

18052 

18224 

i 8395 

18567 

18738 

18910 

29 

57 

86 

11 

* 19081 

19252 

19423 

19595 

19766 

19937 

20108 

20279 

20450 

20620 

28 

57 

86 

12 

■ 20791 

20962 

21132 

21303 

21474 

21644 

21814 

21985 

22155 

22325 

28 

57 

85 

13 

•22495 

22665 

22835 

23005 

23175 

23345 

23514 

23684 

23853 

24023 

28 

57 

85 

14 

■24192 

24362 

24 S 3 1 

24700 

24869 

25038 

25207 

25376 

25545 

25713 

28 

S 6 

85 

15 

• 25882 

26050 

26219 

26387 

26556 

26724 

26892 

27060 

27228 

27396 

28 

56 

84 

16 

•27564 

27731 

27899 

28067 

28234 

28402 

28569 

28736 

28903 

29070 

28 

56 

84 

17 

■29237 

29404 

29571 

29737 

29904 

30071 

30237 

3 Q 403 

3 o 57 o 

3°736 

28 

56 

83 

18 

■30902 

31068 

31233 

31399 

31565 

3 i 73 0 

31896 

32061 

32327 

32392 

28 

55 

83 

19 

•32557 

32722 

32887 

33051 

33216 

3338 i 

33545 

337 io 

33874 

34038 

27 

55 

82 

20 

•34202 

34366 

34530 

34694 

34857 

35021 

35184 

35347 

355 H 

35674 

27 

55 

82 

21 

■ 35^37 

36000 

36162 

36325 

36488 

36650 

36812 

36975 

37137 

37299 

27 

54 

81 

22 

•37461 

37622 

37784 

37946 

38107 

38268 

3S430 

38591 

38752 

38912 

27 

54 

81 

23 

' 39°73 

39234 

39394 

39555 

39715 

39875 

40035 

40195 

40355 

40514 

27 

S 3 

80 

24 

•40674 

40833 

40992 

41151 

4131 0 

41469 

41628 

41787 

41945 

42104 

26 

S 3 

79 

25 

• 42262 

42420 

42578 

42736 

42894 

43051 

43209 

43366 

43523 

43680 

26 

53 

79 

26 

■43837 

43994 

44 i 5 i 

44307 

44464 

44620 

44776 

44932 

45088 

45243 

26 

52 

78 

27 

•45399 

45554 

4 S 7 io 

45865 

46020 

46175 

46330 

46484 

46639 

46793 

26 

52 

77 

28 

•46947 

47101 

47 2 5 S 

47409 

47562 

47716 

47869 

48022 

48175 

48328 

26 

5 i 

77 

29 

•48481 

48634 

48786 

48938 

49090 

49242 

49394 

49546 

49697 

49849 

25 

51 

76 

3 ° 

■ 50000 

50151 

50302 

50453 

50603 

50754 

50904 

51054 

5 I20 4 

Si 354 

25 

5 ° 

75 

31 

‘ 5 T 5°4 

51653 

51803 

5 X 95 2 

52101 

52250 

52399 

52547 

52696 

52844 

25 

50 

74 

32 

•52992 

53140 

53288 

53435 

53583 

53730 

53877 

54024 

S 4 i 7 i 

54317 

25 

49 

74 

33 

•54464 

54610 

54756 

54902 

55048 

55194 

55339 

55484 

55630 

55775 

24 

49 

73 

34 

•55919 

56064 

56208 

56353 

56497 

56641 

56784 

56928 

S 7 ° 7 i 

S 72 I 5 

24 

48 

72 

35 

■57358 

57 SOI 

57643 

57786 

57928 

58070 

58212 

58354 

58496 

58637 

24 

47 

7 i 

3 <5 

•58779 

58920 

59061 

59201 

59342 

59482 

59622 

59763 

59902 

60042 

23 

47 

70 

37 

•60182 

60321 

60460 

60599 

60738 

60876 

61015 

6 h 53 

61291 

61429 

2 3 

46 

69 

33 

•61566 

61704 

61841 

61978 

62115 

62251 

62388 

62524 

62660 

62796 

23 

46 

68 

39 

•62932 

63068 

63203 

63338 

63473 

63608 

63742 

63877 

64011 

64145 

22 

45 

67 

4a 

■64279 

64412 

64346 

64679 

64812 

64945 

65077 

65210 

65342 

65474 

22 

44 

66 

4 i 

• 65606 

6 5738 

65869 

6G000 

66131 

66262 

66393 

66523 

66653 

66783 

22 

44 

65 

4 -’ 

•66913 

67043 

67172 

673 01 

67430 

67559 

67688 

67816 

67944 

68072 

21 

43 

64 

43 

•68200 

68327 

68455 

68582 

68709 

68835 

68962 

69088 

69214 

69340 

21 

42 

63 

44 

• 69466 

69591 

69717 

69842 

69966 

70091 

70215 

70339 

70463 

70587 

2r 

42 

62 


130 



Table XXXI. Natural Sines — continued 



O' 

6' 

12" 

18' 

24' 

30' 

36 ' 

42' 

+8' 

54 ' 

T 

2^ 

3' 

45 

• 707x1 

70834 

70957 

71080 

7x203 

72325 

71447 

71569 

7x691 

71813 

20 

41 

61 

46 

■71934 

72°55 

72176 

72297 

72417 

72537 

72657 

7 2 777 

72S97 

73 ° l6 

20 

40 

60 

47 

■73135 

73254 

73373 

73491 

73610 

73728 

73846 

73963 

74080 

74198 

20 

39 

59 

48 

■74314 

7443 i 

74548 

74664 

7 + 78 o 

74896 

75011 

75126 

75241 

75356 

x 9 

39 

58 

49 

' 7547 1 

75585 

75700 

758 i 3 

75927 

76041 

76154 

76267 

76380 

76492 

19 

38 

57 

5 ° 

• 76604 

76717 

76828 

76940 

77051 

77162 

77273 

773 8 4 

77494 

77605 

19 

37 

56 

5 1 

■77715 

77824 

77934 

78043 

78152 

78261 

78369 

78478 

78586 

78694 

18 

36 

54 

52 

.78801 

78908 

79016 

79122 

79229 

79335 

794+1 

79547 

79653 

79758 

18 

35 

53 

53 

• 79864 

79968 

80073 

80178 

80282 

80386 

80489 

80593 

80696 

80799 

x 7 

35 

52 

54 

■ 80902 

81004 

81106 

81208 

81310 

81412 

81513 

81614 

81714 

81815 

17 

34 

5 i 

55 

■81915 

82015 

82x15 

82214 

82314 

824x3 

82511 

826x0 

82708 

82806 

16 

33 

50 

56 

■ 82904 

83001 

83098 

83195 

83292 

83389 

834 s 5 

835S1 

83676 

83772 

16 

32 

48 

57 

•83867 

83962 

84057 

84151 

84245 

84339 

84433 

84526 

84619 

84712 

16 

31 

47 

58 

■ 84805 

84897 

84989 

85081 

85173 

85264 

85355 

85446 

85536 

85627 

x 5 

3 ° 

46 

59 

■85717 

85806 

85896 

8598S 

86074 

86163 

86251 

86340 

86427 

86515 

15 

30 

44 

60 

•86603 

86690 

86777 

86863 

86949 

87036 

87121 

87207 

87292 

87377 

14 

29 

43 

61 

•87462 

87546 

87631 

87715 

8779S 

878S2 

87965 

88048 

88130 

88213 

14 

28 

42 

62 

■88295 

88377 

88458 

88539 

88620 

88701 

88782 

88862 

88942 

89021 

13 

27 

40 

63 

•89101 

89180 

89259 

89337 

89425 

89493 

8957 1 

89649 

S9726 

89803 

13 

26 

39 

64 

■89879 

89956 

90032 

90108 

90183 

90259 

90334 

90408 

90483 

90557 

13 

25 

3 S 

65 

•90631 

.90704 

90778 

90851 

90924 

90996 

91068 

91140 

91212 

91283 

12 

24 

36 

66 

■ 9 I 3 S 5 

9 H 2 S 

91496 

91566 

91636 

9x706 

91775 

91845 

9 I 9 r 4 

91982 

12 

23 

35 

67 

•92050 

gang 

92186 

92254 

92321 

92388 

92455 

92521 

925S7 

9 2fi 53 

11 

22 

34 

68 

■927x8 

92784 

92849 

92913 

92978 

93042 

93106 

93169 

93232 

93 2 95 

XI 

21 

32 

69 

•93358 

93420 

93483 

93544 

93606 

93667 

93728 

93789 

93849 

93909 

10 

20 

3 i 

70 

■93969 

94029 

94088 

94 r 47 

94206 

94264 

94322 

94380 

94438 

94495 

10 

x 9 

29 

7 i 

■94552 

94609 

94665 

94721 

94777 

94832 

94888 

94943 

94997 

95052 

9 

29 

28 

72 

■95106 

95159 

95213 

95266 

953 J 9 

95372 

95424 

95476 

95528 

95579 

9 

18 

26 

73 

■95630 

95681 

95732 

95782 

95832 

95882 

9593 1 

9598i 

96029 

96078 

8 

17 

25 

74 

• 96126 

96174 

96222 

96269 

96316 

96363 

96410 

96456 

96502 

96547 

8 

16 

23 

75 

■96593 

96638 

96682 

96727 

96771 

96815 

96858 

96902 

96945 

96987 

7 

15 

•> i 

76 

•97030 

97072 

97 H 3 

97155 

97196 

97237 

97278 

973 x 8 

97358 

97398 

7 

14 

20 

77 

'97437 

97476 

97515 

97553 

97592 

97630 

97667 

977°5 

97742 

97778 

6 

13 

*9 

78 

•9781s 

97851 

97887 

97922 

97958 

97992 

98027 

98061 

98096 

98129 

6 

12 

17 

79 

■98163 

98196 

98229 

98261 

98294 

98325 

98357 

98389 

98420 

98450 

5 

11 

16 

80 

• 98481 

98511 

98541 

98570 

98600 

98629 

9 8 657 

98686 

98714 

98741 

5 

10 

i+ 

81 

•98769 

98796 

98823 

98849 

98876 

98902 

98927 

98953 

98978 

99002 

4 

9 

13 

82 

• 99027 

99 ° 5 i 

99075 

99098 

99122 

99144 

99167 

991:89 

99211 

99233 

4 

8 

11 

83 

•99255 

99276 

99297 

99317 

99337 

99357 

99377 

99396 

99415 

99434 

3 

7 

10 

84 

•99452 

99470 

99488 

99506 

995 2 3 

9954 ° 

99556 

99572 

995S8 

99604 

3 

6 

8 

85 

■99619 

99 6 35 

99649 

99664 

99678 

99692 

99705 

99719 

9973 1 

99744 

2 

5 

7 

86 

•99756 

99768 

99780 

99792 

99803 

99813 

99824 

99834 

99844 

9985 + 

2 

4 

5 

87 

•99863 

99872 

99881 

99889 

99897 

99905 

99912 

99919 

99926 

99933 

I 

3 

4 

88 

•99939 

99945 

9995 i 

99956 

99961 

99966 

99970 

99974 

99978 

99982 

I 

2 

2 

89 

•99985 

99988 

99990 

99993 

99995 

99996 

99998 

99999 

99999 

I OOOOO 

O 

I 

1 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

13 

16 

17 

18 

1 9 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

3° 

31 

3 2 

33 

34 

35 

36 

37 
33 

39 

40 

41 

42 

43 

44 


Table XXXII. Natural Tangents 


6' 12' iS' 24' 3° 


o-ooooo -00175 ’00349 -00524 -00698 -00873 
0-01746 -01920 -02095 -02269 -02444 -02619 
0-03492 -03667 -03842 -04016 -04191 -04366 
0-05241 -05416 -05591 -05766 -05941 -06116 
0-06993 -0716 s -07344 -07519 -07695 -07870 

0-08749 -08925 -09101 -09277 ‘09453 -09629 
0-10510 -10687 -10863 "11040 -11217 -H394 
0-12278 -12456 -12633 -12810 -12988 -13165 
0-14054 -14232 -14410 -14588 -14767 -14945 
0-15838 -16017 -16196 -16376 -16555 -16734 

0-17633 -17813 -17993 ‘18173 -18353 -18534 
0-19438 -19619 -19801 -19982 -20164 -20345 
0-21256 -21438 -21621 -21804 -21986 -22169 
0-23087 -23271 -23455 ‘23639 -23823 -24008 
0-24933 -25118 -25304 -25490 -25676 -25862 

0-26795 -26982 -27169 -27357 -27545 -27732 
0-28675 -28864 ‘29053 -29242 -29432 -29621 
o‘30573 -30764 ‘3°955 -3 IJ 47 -3133 s *3iS3o 
0-32492 -32685 -32878 -33072 -33266 -33460 
o-34433 -34628 -34824 -35020 -35216 -35412 

0-36397 -3659s -36793 -36991 -3719° -37388 

0-38386 -38587 -38787 -38988 -39190 -3939 1 
0-40403 -40606 -40809 -41013 -41217 -41421 
0-42447 -42654 -42860 -43067 -43274 -43481 
0-44523 -44732 -44942 -45152 -45362 -45573 

0-46631 -46843 -47056 -47270 -47483 -47698 
0-48773 -48989 -49206 -49423 -49640 -49858 

0-50953 -51173 -51393 -51614 -51835 -52057 

0-53I7I -53395 -53620 -53844 -5407° -54296 
0-55431 -55659 -55888 -56117 -56347 -56577 

0-57735 -57968 -58201 -58435 -58670 -58905 
o- 60086 -60324 -60562 • 60801 -61040 -61280 
0-62487 -62730 -62973 -63217 -63462 -63707 
0-64941 -65189 -65438 -65688 -65938 -66189 
0-67451 -67705 -67960 -68215 -68471 -68728 

0-70021 -70281 -70542 -70804 -71066 -71329 
0-72654 -72921 -73189 -73457 -73726 -73996 
o-75355 -75629 -759°4 -76180 -76456 -76733 
0-78129 -78410 -78692 -78975 -79259 -79544 
0-80978 -81268 -81558 -81849 '82141 '82434 

0-83910 -84208 -84507 -84806 -85107 -85408 
0-86929 -87236 -87543 -87852 -88162 -88473 
0-90040 -90357 -90674 -90993 -91313 -91633 
0-93252 -93578 -93906 -94235 -94565 -94896 
0-96569 -96907 -97246 -97586 -97927 -98270 


36 42 48 54 i- 2 ' 3 


■OI047 *01222 -01396 -01571 

29 

58 

87 

•02793 -02968 -03143 -03317 

29 

58 

87 

•O454I -04716 -04891 -05066 

29 

58 

87 

•0629I -06467 -06642 -06817 

29 

58 

88 

•08046 -08221 -08397 -°8S73 

29 

59 

88 

-09805 -09981 -10158 -10334 

29 

59 

88 

•II570 -H747 -11924 -I2I0I 

29 

59 

88 

•13343 -I352I -13698 -13876 

30 

59 

89 

•15124 -15302 -15481 -15660 

30 

59 

89 

•16914 -17093 -17273 -I 7453 

30 

60 

90 

•18714 -18895 -19076 -19257 

30 

60 

90 

•20527 -20709 -20891 -21073 

3° 

61 

91 

■22353 -22536 -22719 -22903 

30 

61 

92 

•24193 -24377 -24562 -24747 

31 

61 

9 2 

•26048 -26235 -26421 -26608 

31 

62 

93 

•27921 -28109 -28297 -28486 

3i 

63 

94 

•29811 -30001 -30192 -30382 

32 

63 

95 

•31722 -31914 -32106 -32299 

32 

64 

96 

•33 6 54 -33848 -34043 -34238 

32 

65 

97 

•35608 -35805 -36002 -36199 

33 

65 

98 

■375 88 *37787 -37986 -38186 

33 

66 

99 

■39593 ‘39795 -39997 -40200 

34 

67 

101 

■41626 -41831 -42036 -42242 

1 34 

68 

102 

•43689 -43897 -44105 -44314 

1 35 

69 

104 

■45784 ‘4S995 -46206 -46418 

35 

70 

105 

■47912 -48127 -48342 -48557 

36 

7i 

107 

•50076 -50295 -50514 -50733 

36 

73 

109 

•52279 -52501 -52724 -52947 

37 

74 

in 

•54522 -54748 -54975 -55203 

38 

75 

113 

■56808 -57039 -57271 -57503 

38 

77 

ii5 

•59140 -59376 -59612 -59849 

39 

78 

117 

•61520 -61761 -62003 -62245 

40 

80 

120 

-6 3953 -64199 -64446 -64693 

4i 

82 

123 

•66440 -66692 -66944 -67197 

42 

84 

125 

•68985 -69243 -69502 -69761 

43 

86 

128 

■71593 -71857 -72122 >72388 

44 

88 

I 3 I 

•74267 -74538 -74810 -75082 

45 

90 

135 

•77010 -77289 -77568 -77848 

46 

92 

139 

•79829 -80115 -80402 -80690 

47 

95 

142 

•82727 -83022 -83317 -83613 

49 

98 

146 

■85710 -86014 -86318 -86623 

5o 

100 

151 

•88784 -89097 -89410 -89725 

52 

104 

155 

'91955 -92277 -92601 -92926 

53 

107 

160 

•95229 *95562 -95897 -96232 

55 

no 

166 

•98613 -98958 -99304 -99652 

57 

114 

171 


*32 



6 ' 


45 

i- 00000 -00350 

46 

1-03553 -03915 

47 

1-07237 -07613 

48 

i-uo6r -11452 

49 

1-15037 -15443 

5° 

i- igi7S -19599 

5i 

1-23490 -23931 

52 

1-27994 -28456 

53 

1-32704 -33187 

54 

1-37638 -38145 

55 

1-42815 -43347 

56 

1-48256 -48816 

57 

I-53986 -54576 

58 

1-60033 -60657 

59 

1-66428 -67088 

60 

1-73205 -73905 


Table XXXII. Natural Tangents — continued 


iS' 24' 30' 36' 42' 48' 54' | 1' 2' 3' 


■00701 -01053 -01406 

■01761 -02117 -02474 -02832 -03192 

59 

1x8 

177 

■04279 -04644 -05010 

-05378 -05747 -06117 -06489 -06862 

6 l 

123 

184 

•07990 -08369 -08749 

■09131 -09514 -og8g9 -10285 -10672 

64 

127 

igi 

•11844 -12238 -12633 

•13029 -13428 -13828 -14229 -14632 

66 

132 

198 

•15851 -16261 -16672 

■170S5 -17500 -17916 -18334 -18754 

69 

138 

206 

■20024 -20451 -20879 

•21310 -21742 -22176 -22612 *23050 

72 

144 

215 

" 2 4375 -24820 -25268 

•25717 -26169 -26622 -27077 -27535 

75 

150 

225 

■28919 -29385 -29853 

■30323 ’ 3°795 -31269 ' 3 I 745 ' 3 22 24 

78 

157 

235 

•33673 -3416° -3465° 

• 35 I 4 2 -35637 -36134 -36633 -37134 

82 

164 

246 

■38653 -39165 -39679 

•40195 -40714 -41235 -41759 -42286 

86 

172 

258 

-43881 -44418 -44958 

•45501 -46046 -46595 -47146 -47699 

90 

181 

271 

1 t 937 S ‘49944 -50512 

-51084 -51658 -52235 -52816 -53400 

95 

191 

2S6 

•5517° -55766 -56366 

•56969 -57575 -58184 -58797 -59414 

IOO 

201 

302 

61283 -61914 -62548 

■63185 -63826 -64471 -65120 -65772 

106 

213 

319 

•67752 -68419 -69091 

•69766 -70446 -71129 -71817 -72509 

113 

225 

338 

•74610 -75319 -76032 

•76749 -77471 -78198 -78929 -79665 

— 

— 

— 


(go 0 — 0 ) tan 9 



o' 

6' 

12’ 

18' 

24' 

3 °' 

36 ' 

42' 

48' 

54 ' | 

1' 

2 ’ 

3 ' 

tan (3 

60 

51-962 

51-998 

52-034 

52-070 

52-105 

52-I 4 X 

52-177 

52-212 

52-247 

52- 282 

6 

12 

18 

i -73 

61 

52 ' 3 i 7 

52-352 

52-387 

52-422 

52-456 

52-490 

52-525 

52-559 

52-593 

52-627 

6 

XI 

27 

i-8o 

62 

52- 660 

52-694 

52-727 

52-761 

52-794 

52-827 

52-860 

52-893 

52-925 

52-958 

6 

XI 

27 

i-88 

63 

52-990 

53-023 

53-055 

S 3 -o 87 

53 -iig 

53-151 

53-182 

53-2 14 

53-245 

53-277 

5 

ii 

16 

1-96 

64 

53 ' 3°8 

53-339 

53-37 0 

53 - 4 oi 

53-431 

53-462 

53-492 

53-523 

53-553 

S 3-583 

5 

10 

25 

2-05 

65 

53 - 6 i 3 

53-642 

53-672 

53-702 

53-731 

53-760 

53 - 79 ° 

53 - 8 x 9 

53-847 

53-876 

5 

10 

25 

2- 14 

66 

53 - 9 °S 

53-933 

53-962 

53-990 

54-018 

54-046 

54-074 

54-102 

54 - 13 ° 

54-257 

5 

9 

14 

2-25 

67 

54-i8s 

54-212 

54-239 

54-266 

54 - 293 

54-320 

54-346 

54-373 

54-399 

54-426 

4 

9 

2 3 

2-36 

68 

54 - 45 2 

54-478 

54-504 

54-530 

54-555 

54 - 581 

54-606 

54-632 

54-657 

54-682 

4 

9 

23 

2-48 

69 

54-707 

54-732 

54-756 

54-78i 

54-805 

54 - 830 

54-854 

54-878 

54-902 

54-926 

4 

8 

1 2 

2- 6r 

70 

54 - 95 ° 

54-973 

54-997 

55-020 

55-043 

55 ’ °66 

55-089 

55 -H 2 

55-235 

55 -I 58 

4 

8 

12 

2-75 

71 

55 -i8o 

55-202 

55-225 

55-247 

55-269 

55 - 29 1 

55-312 

55-334 

55-356 

55-377 

4 

7 

IX 

2‘ 90 

72 

55-398 

5 S- 4 I 9 

S 5 - 44 I 

S5-46i 

55-482 

55-503 

55-523 

55 ’ 544 

55-564 

55-584 

3 

7 

10 

3-08 

73 

55" 604 

55-624 

55 ‘ 644 

55-664 

55-684 

55 ‘ 703 

55-722 

55-742 

55-76i 

55 - 78 o 

3 

7 

10 

3-27 

74 

55-799 

55 - 8 x 7 

55-836 

55-855 

55'873 

55 - 89 I 

55‘909 

55-927 

55'945 

55-963 

3 

6 

9 

3-49 

75 

55-98i 

55-998 

56-0x6 

56-033 

56-050 

56-067 

56-084 

56-101 

56-118 

56-134 

3 

6 

8 

3-73 

76 

56-151 

56-167 

56-184 

56- 200 

56-216 

56-232 

56-247 

56-263 

56-278 

56-294 

3 

5 

S 

4-01 

77 

56-309 

56-324 

56-339 

S 6 - 3 S 4 

56-369 

56-384 56-398 

56"4 i 3 

56-427 

56 - 44 I 

2 

5 

7 

4-33 

78 

56-456 

56-470 

56-483 

56-497 

56-511 

56-524 

56-538 

56 - 55 I 

56-564 

56-577 

2 

4 

7 

4-70 

79 

56 -S 9 0 

56-603 

56-616 

56-628 

56-641 

56-653 

56-665 

56-677 

56-689 

56-701 

2 

4 

6 

5-24 

80 

56-713 

56-724 

56-736 

56-747 

56 - 7 S 9 

56-770 

56-781 

56-792 

56-803 

56-813 

2 

4 

6 

5-67 

81 

56-824 

56-834 

56-845 

56-855 

56-865 

56-875 

56-885 

56-894 

56-904 

56-914 

2 

3 

5 

6-31 

82 

56-923 

56-932 

56-941 

56-95° 

56-959 

56-968 56-977 

56-985 

56-994 

57-002 

I 

3 

4 

7-12 

83 

57-oxo 

57-019 

57-027 

57-034 

57-042 

57 -°S° 

57-057 

57 -o 65 

57-072 

57-079 

I 

3 

4 

8-14 

84 

57-086 

57-093 

57-100 

57-107 

57 ' lr 3 

57-120 

57-126 

57-I32 

57-238 

57-244 

I 

2 

3 

9-52 

85 

57-15° 

57 -i 56 

57" 262 

57-167 

57-173 

57-178 

57-i83 

57-188 

57-293 

57-I98 

r 

2 

3 

22-4 

86 

57-203 

57-207 

57-212 

57-216 

57-220 

57-224 

57-229 

57-232 

57-236 

57-240 

1 

1 

2 

24-3 

87 

57-243 

57-247 

57-250 

57-253 

57-256 

57-259 

57-262 

57-265 

57-268 

57-270 

0 

1 

2 

ig-i 

88 

57-273 

57-275 

57-277 

57-279 

57-281 

57- 2 83 

57-284 

57-286 

57-287 

57-289 

0 

1 

1 

28-6 

89 

57-290 

57-291 

57-292 

57-293 

57-294 

57-294 

57-295 

57-295 

57-296 

57-296 

0 

0 

0 

57-3 


133 



Table XXXIII. Random 


°3 

47 

43 

73 

86 

97 

74 

24 

67 

62 

16 

76 

62 

27 

66 

12 

58 

85 

99 

26 

55 

59 

56 

35 

64 

16 

22 

77 

94 

39 

84 

42 

17 

53 

3 i 

63 

01 

63 

78 

59 

33 

21 

12 

34 

29 

57 

60 

86 

32 

44 

18 

18 

07 

92 

46 

26 

62 

38 

97 

75 

2 3 

42 

40 

64 

74 

>2 

3 6 

28 

I 9 

95 

37 

85 

94 

35 

12 

70 

29 

i 7 

12 

13 

56 

62 

18 

37 

35 

99 

49 

57 

22 

77 

16 

08 

i 5 

04 

72 

3 1 

16 

93 

32 

43 

00 

VO 

34 

30 

13 

70 

74 

57 

25 

65 

76 

27 

42 

37 

86 

53 

00 

39 

68 

29 

61 

29 

94 

98 

94 

24 

16 

90 

82 

66 

59 

11 

27 

94 

75 

06 

35 

24 

10 

16 

20 

38 

23 

16 

86 

38 

31 

96 

25 

9 i 

47 

56 

67 

40 

67 

14 

14 

90 

84 

45 

1 1 

68 

°5 

5 i 

iS 

00 

20 

46 

78 

73 

90 

64 

19 

58 

97 

79 

25 

26 

93 

70 

60 

07 

97 

10 

88 

23 

68 

71 

86 

85 

85 

26 

99 

61 

65 

53 

*4 

65 

52 

68 

75 

i 7 

53 

77 

58 

7 i 

9 ° 

26 

59 

2 1 

r 9 

4 i 

2 3 

52 

55 

99 

60 

20 

5 ° 

81 

69 

91 

25 

38 

05 

90 

34 

5 o 

57 

74 

37 

85 

22 

04 

39 

43 

09 

79 

13 

77 

48 

88 

75 

80 

18 

14 

90 

96 

23 

70 

00 


36 

96 

47 

3<5 

61 

42 

81 

14 

57 

20 

56 

5 ° 

26 

7 i 

07 

96 

96 

68 

27 

3 i 

38 

54 

82 

46 

22 

49 

54 

43 

54 

82 

57 

24 

55 

06 

88 

16 

95 

55 

67 

19 

CO 

64 

5 6 

07 

82 

09 

47 

27 

96 

54 

44 

17 

16 

58 

09 

84 

16 

07 

44 

99 

82 

97 

77 

77 

81 

5 ° 

92 

26 

11 

97 

83 

39 

50 

08 

3 ° 

40 

33 

20 

38 

26 

96 

83 

50 

87 

75 

88 

42 

95 

45 

72 

33 

27 

14 

34 

°9 

5 ° 

27 

89 

87 

19 

55 

74 

30 

77 

40 

59 

29 

97 

68 

60 

48 

55 

90 

65 

72 

66 

37 

32 

20 

3 ° 

68 

49 

69 

10 

82 

83 

62 

64 

11 

12 

06 

09 

19 

74 

66 

33 

32 

5i 

26 

38 

42 

38 

97 

01 

50 

96 

44 

33 

49 

13 

64 

°5 

7 i 

95 

CO 

CTv 

75 

73 

88 

°S 

9 ° 

33 

96 

03 

75 

19 

97 

5 i 

40 

14 

02 

IS 

06 

15 

93 

20 

22 

35 

85 

i 5 

13 

09 

98 

42 

99 

64 

54 

87 

66 

47 

54 

58 

37 

78 

80 

70 

87 

59 

36 

22 

41 

7 i 

4i 

61 

5 ° 

72 

23 

52 

23 

33 

12 

3 1 

°4 

49 

69 

96 

3 i 

99 

73 

68 

68 

94 

58 

28 

41 

36 

98 

80 

33 

00 

9 i 

73 

81 

53 

94 

79 

73 

82 

97 

22 

21 

22 

95 

75 

42 

49 

39 

00 

03 

06 

90 


46 

98 

63 

7 i 

62 

42 

53 

32 

37 

32 

32 

90 

79 

78 

53 

°5 

°3 

72 

93 

iS 

3 i 

62 

43 

09 

90 

17 

37 

93 

23 

78 

77 

04 

74 

47 

67 

98 

ia 

5 ° 

7 i 

75 

52 

42 

07 

44 

38 

49 

17 

46 

09 

62 

79 

83 

86 

19 

62 

83 

11 

46 

32 

24 

07 

45 

32 

14 

08 

00 

56 

76 

3 1 

38 

42 

34 

07 

96 

88 

13 

89 

5 i 

03 

74 

97 

12 

25 

93 

47 

16 

64 36 

16 

00 

45 

59 

34 

68 

49 

20 

15 

37 

00 

49 

44 

22 

78 

84 

26 

7 i 

91 

38 

67 

54 

96 

57 

69 

36 

10 

77 

84 

57 

03 

29 

53 

75 

91 

93 

30 

67 

19 

00 

71 

74 

02 

94 

37 

34 

02 

79 

78 

45 

04 

9 i 

87 

75 

66 

81 

4 i 

34 

86 

82 

53 

9 i 

11 

05 

65 

09 

68 

52 

27 

4 i 

14 

86 

07 

60 

62 

93 

55 

04 

02 

33 

31 

08 

01 

90 

10 

75 

06 

92 

°3 

Si 

59 

77 

61 

7 i 

62 

99 

15 

73 

33 

08 

11 

12 

42 

10 

50 

67 

42 

26 

78 

63 

06 

55 

12 

4 i 

94 

96 

26 

96 

93 

02 

18 

39 

10 

47 

48 

45 

88 

35 

81 

33 

°3 

76 

45 

37 

59 

°3 

°9 

°9 

77 

93 

19 

82 

33 

62 

46 

86 

28 

05 

°3 

27 

24 

83 

39 

32 

82 

22 

49 

55 

85 

78 

38 

36 


Numbers (I) 


33 

26 

l6 

80 

45 

27 

07 

36 

07 

5 i 

13 

55 

CO 

CO 

58 

59 

57 

12 

10 

14 

21 

06 

18 

44 

32 

53 

00 

35 

20 

96 

43 

21 

76 

33 

50 

25 

12 

86 

73 

58 

07 

15 

5 i 

00 

13 

42 

90 

S 2 

84 

77 

27 

06 

76 

5 ° 

°3 

10 

20 

14 

85 

88 

45 

32 

98 

94 

07 

72 

80 

22 

02 

53 

53 

54 

42 

06 

87 

98 

17 

76 

37 

13 

04 

70 

33 

24 

°3 

54 

04 

43 

18 

66 

79 

12 

72 

07 

34 

45 

S 2 

85 

66 

60 

44 

04 

33 

46 

09 

52 

13 

58 

18 

24 

76 

96 46 

92 

42 

45 

10 

45 

65 

04 

26 

34 

25 

20 

57 

27 

60 

47 

21 

29 

68 

76 

70 

90 

3 ° 

86 

16 

92 

53 

56 

16 

40 

01 

74 

9 i 

62 

00 

52 

43 

48 

85 

76 

83 

20 

37 

90 

22 

98 

12 

22 

08 

59 

33 

82 

43 

90 

39 

54 

16 

49 

36 

40 

78 

CO 

89 

62 

59 

56 

78 

06 

83 

06 

5 i 

29 

16 

93 

44 

95 

92 

6 3 

16 

32 

17 

55 

85 

74 

13 

08 

27 

01 

5 ° 

44 

95 

27 

36 

99 

07 

02 

18 

3 6 

07 

13 

41 

43 

89 

20 

24 

3 ° 

12 

48 

60 

90 

35 

57 

29 

12 

74 

94 

80 

04 

04 

08 

3 i 

54 

46 

3 i 

72 

89 

44 

oS 

60 

02 

48 

07 

70 

37 

94 

37 

30 

69 

32 


60 

1 1 

14 

10 

95 

24 

5 i 

79 

89 

73 

88 

97 

54 

14 

10 

88 

26 

49 

81 

76 

23 

83 

01 

30 

30 

84 

26 

34 

9 i 

64 

«3 

92 

12 

06 

76 

44 

39 

52 

38 

79 

99 

66 

02 

79 

54 

08 

02 

73 

43 

28 

55 

23 

64 

0 5 

05 

10 

93 

72 

88 

7 i 

93 

85 

79 

10 

75 

86 

60 

42 

04 

S 3 

35 

85 

29 

48 

39 

07 

74 

21 

19 

30 

97 

77 

46 

44 

80 

94 

77 

24 

21 

90 

99 

27 

72 

95 

14 

38 

68 

88 

1 1 

80 

68 

07 

97 

06 

57 

15 

54 

55 

95 

52 

97 

60 

49 

04 

9 i 

11 

04 

96 

67 

24 

40 

48 

73 

5 i 

92 

02 

02 

37 

03 

3 i 

38 

45 

94 

3 o 

38 

02 

75 

5 o 

95 

98 

48 

Si 

84 

08 

32 

27 

55 

26 

89 

62 

57 

16 

00 

1 1 

66 

07 

52 

74 

95 

80 

49 

37 

38 

44 

59 

47 

95 

93 

13 

30 

02 

67 

74 

17 

33 

52 

9 1 

05 

70 

74 

58 

°5 

77 

09 

Si 

29 

56 

24 

29 

48 

94 

44 

67 

16 

94 

15 

29 

39 

39 

43 

02 

96 

74 

30 

83 

25 

99 

32 

70 

33 

97 

i 7 

14 

49 

17 

18 

99 

10 

72 

34 

82 

62 

54 

65 

60 

45 

07 

3 i 

66 

49 

53 

94 

13 

38 

47 

35 

80 

39 

94 

88 

16 

04 

61 

67 

87 

90 

89 

00 

76 

33 


i 34 



Iable XXXIII. Random Numbers (II) 


53 

74 

2 3 

99 

<37 

6l 

32 

2S 

69 

84 

63 

38 

06 

86 

54 

99 

00 

6S 

26 

94 

35 

3° 

58 

21 

46 

06 

72 

17 

10 

94 

63 

43 

3<5 

82 

69 

65 

5i 

18 

37 

88 

98 

25 

37 

55 

26 

01 

9i 

82 

81 

46 

02 

63 

21 

17 

69 

7i 

5° 

80 

89 

56 

64 

55 

22 

21 

82 

48 

22 

28 

06 

00 

85 

07 

26 

13 

89 

or 

10 

07 

82 

04 

58 

54 

16 

24 

15 

5i 

54 

44 

82 

00 

34 

85 

27 

84 

87 

61 

48 

64 

56 

26 

°3 

92 

18 

27 

46 

57 

99 

16 

96 

56 

62 

95 

3° 

27 

59 

37 

75 

41 

66 

48 

08 

45 

93 

iS 

22 

60 

21 

75 

46 

9i 

07 

oS 

55 

18 

40 

45 

44 

75 

13 

90 

01 

85 

89 

95 

66 

5i 

10 

19 

34 

88 

72 

84 

7i 

14 

35 

19 

1 1 

58 

49 

26 

88 

78 

28 

16 

84 

13 

5 2 

S3 

94 

53 

45 

17 

75 

<55 

57 

28 

40 

19 

72 

12 

96 

76 

28 

12 

54 

23 

or 

11 

94 

25 

43 

3i 

67 

72 

3° 

24 

02 

94 

08 

63 

50 

44 

66 

44 

21 

66 

06 

58 

°5 

62 

22 

66 

22 

IS 

86 

26 

63 

75 

41 

99 

VO 

o\ 

24 

40 

14 

Si 

23 

22 

30 

88 

57 

31 

73 

9i 

61 

19 

60 

20 

72 

93 

48 

78 

60 

73 

99 

84 

43 

89 

94 

36 

45 

84 

37 

90 

61 

5 6 

70 

IO 

23 

98 

05 

36 

67 

10 

08 

23 

98 

93 

35 

08 

86 

07 

38 

59 

07 

48 

89 

64 

58 

89 

75 

10 

15 

83 

87 

60 

79 

24 

3i 

66 

56 

55 

19 

68 

97 

65 

03 

73 

52 

16 

56 

53 

81 

29 

13 

39 

35 

01 

20 

7i 

34 

5i 

86 

32 

68 

92 

33 

98 

74 

66 

99 

35 

9 1 

70 

29 

13 

80 

03 

54 

07 

27 

37 

71 

67 

95 

13 

20 

02 

44 

95 

94 

93 

66 

13 

S3 

27 

92 

79 

64 

64 

72 

02 

96 

08 

45 

65 

13 

05 

00 

41 

84 

49 

83 

43 

48 

35 

82 

88 

33 

69 

96 

84 

60 

7i 

62 

46 

40 

80 

81 

3° 

37 

iS 

i7 

3° 

88 

7i 

44 

91 

14 

88 

47 

79 

69 

10 

61 

78 

7i 

32 

76 

95 

62 

75 

93 

36 

57 

83 

56 

20 

14 

82 

11 

38 

3° 

92 

29 

03 

06 

28 

81 

39 

38 

5i 

29 

5° 

10 

34 

3i 

57 

75 

95 

80 

21 

3 1 

38 

86 

24 

37 

79 

81 

53 

74 

29 

01 

2 3 

87 

88 

58 

02 

39 

37 

67 

95 

33 

95 

22 

00 

18 

74 

72 

00 

18 

90 

84 

60 

79 

80 

24 

36 

59 

87 

38 

46 

40 

62 

98 

82 

54 

97 

20 

56 

95 

20 

31 

89 

03 

43 

38 

46 

82 

68 

72 

7i 

59 

73 

oS 

50 

08 

22 

23 

7i 

77 


94 

62 

67 

86 

24 

98 

33 

41 

19 

95 

02 

82 

90 

2 3 

07 

79 

62 

67 

80 

60 

25 

21 

3 i 

75 

96 

49 

28 

24 

00 

49 

61 

38 

44 

12 

45 

32 

92 

85 

88 

65 

74 

71 

12 

94 

97 

24 

02 

7 i 

37 

07 

38 

15 

70 

11 

48 

43 

40 

45 

86 

98 

61 

54 

13 

43 

91 

82 

78 

12 

23 

29 

59 

63 

69 

36 

03 

69 

11 

15 

83 

80 

62 

61 

65 

04 

69 

38 

18 

65 

18 

97 

90 

18 

48 

13 

26 

37 

70 

15 

42 

57 

30 

33 

72 

85 

22 

84 

64 

38 

56 

98 

86 

97 

80 

61 

45 

23 

53 

04 

01 

63 

98 

77 

27 

85 

42 

28 

88 

61 

08 

84 

24 

94 

96 

61 

02 

57 

55 

66 

83 

15 

i 5 

84 

97 

19 

75 

12 

76 

39 

43 

78 

5 ° 

11 

17 

17 

76 

86 

3 i 

57 

20 

18 

75 

45 

69 

3 ° 

96 

73 

89 

65 

70 

3 1 

25 

12 

74 

75 

67 

60 

40 

60 

81 

19 

7 i 

96 

16 

16 

88 

68 

64 

36 

74 

45 

38 

32 

36 

66 

02 

69 

36 

38 

2 5 

39 

68 

15 

54 

35 

02 

42 

35 

48 

96 

32 

58 

42 

36 

72 

24 

58 

37 

52 

18 

5 i 

95 

67 

47 

29 

83 

94 

69 

40 

06 

07 

98 

57 

07 

2 3 

69 

65 

95 

39 

69 

58 

56 

69 

47 

07 

4 i 

• 90 

22 

91 

07 

12 

85 

11 

34 

76 

60 

76 

48 

45 

34 

60 

99 

29 

76 

29 

81 

33 

34 

91 

58 

93 

83 

85 

62 

27 

89 

30 

14 

78 

56 

27 

21 

48 

24 

06 

93 

9 i 

98 

94 

05 

49 

00 

53 

55 

90 

27 

33 

42 

29 

38 

87 

62 

33 

74 

82 

14 

53 

73 

19 

09 

03 

40 

14 

7 i 

94 

58 

45 

94 

19 

38 

81 

96 

94 

78 

32 

66 

50 

95 

52 

74 

33 

64 

85 

04 

05 

72 

01 

32 

90 

76 

14 

28 

54 

96 

53 

84 

48 

14 

5 2 

98 

94 

93 

°7 

54 

72 

59 

21 

45 

57 

09 

77 

72 

36 

04 

19 

76 

47 

45 

15 

18 

60 

34 

39 

23 

oS 

38 

25 

i 5 

35 

7 i 

3 ° 

89 

23 

30 

63 

15 

56 

34 

20 

47 

89 

87 

00 

22 

58 

40 

92 

54 

01 

75 

25 

74 

21 

97 

90 

65 

96 

42 

68 

63 

86 

62 

25 

06 

84 

63 

61 

29 

08 

93 

67 

5 i 

97 

02 

74 

77 

76 

i 5 

48 

49 

44 

73 

24 

16 

10 

33 

52 

83 

90 

94 

76 

42 

10 

14 

20 

92 

16 

55 

23 

42 

45 

38 

79 

58 

69 

3 2 

81 

76 

80 

26 

92 

82 

°7 

53 

89 

35 

96 

35 

23 

79 

18 

iS 

74 

80 

08 

3 2 

16 

46 

70 

5 ° 

80 

32 

14 

82 

99 

70 

80 

60 

47 

18 

97 

91 

01 

93 

20 

49 

82 

96 

59 

26 

Qrl 


135 


47 53 53 3 s 09 
75 g i ia Si 19 

55 65 79 78 07 
54 34 81 85 35 
03 92 18 66 75 

00 83 26 91 03 
06 66 24 12 27 

1 3 29 54 19 28 
s 5 72 13 49 21 
65 65 80 39 07 

99 3° 98 64 

45 76 08 64 27 
69 62 03 43 73 

7 3 42 37 11 61 
64 63 91 oS 25 

95 60 78 46 75 
99 17 43 48 76 
24 62 01 61 16 
19 59 5° 88 92 

48 03 45 15 22 

14 52 41 52 48 
°3 37 18 39 11 

15 16 36 78 86 

56 80 30 19 44 
78 35 34 08 72 

01 64 18 39 96 
63 14 52 32 52 
86 63 59 80 02 
01 47 59 38 00 
22 13 88 83 34 

56 54 29 56 93 
14 44 99 81 07 
13 80 55 62 54 

53 89 74 60 41 
56 07 93 89 30 

19 48 56 27 44 
82 11 08 95 97 
88 12 57 21 77 
99 S2 93 24 98 
43 11 7i 99 3i 

74 54 13 2 6 94 

04 32 92 08 OQ 
18 55 63 77 09 
70 47 14 54 36 

54 96 09 11 06 

82 80 84 25 39 

05 98 90 07 33 
67 72 16 42 79 
63 49 3° 21 30 
66 ia 67 q8 60 



Table XXXIII. Random Numbers (III) 


22 

17 

68 

65 

84 

68 

95 

23 

92 

35 

87 

02 

19 

3 6 

27 

59 

46 

13 

79 

93 

37 

55 

39 

77 

16 

77 

23 

02 

77 

09 

61 

87 

25 

21 

28 

06 

7 s 

43 

76 

7 i 

61 

20 

44 

90 

32 

64 

97 

67 

03 

2S 

28 

26 

08 

73 

37 

32 

04 

05 

69 

30 

93 

22 

53 

64 

39 

07 

10 

63 

76 

35 

87 

03 

78 

76 

58 

54 

74 

92 

38 

70 

96 

92 

S 3 

06 

23 

68 

35 

26 

00 

99 

53 

93 

61 

28 

52 

70 

IS 

39 

25 

70 

99 

93 

86 

5 2 

77 

65 

*5 

33 

58 

71 

96 

30 

24 

18 

46 

23 

34 

27 

85 

13 

57 

35 

27 

33 

72 

24 

53 

63 

94 

09 

4 i 

10 

48 

50 

86 

54 

48 

22 

06 

34 

72 

52 

82 

21 

61 

96 

48 

95 

03 

07 

16 

39 

33 

66 

98 

56 

3 6 

93 

89 

4 i 

26 

29 

70 

83 

63 

5 i 

99 

74 

18 

87 

00 

42 

31 

57 

90 

12 

02 

07 

23 

47 

88 

56 

53 

27 

59 

33 

35 

72 

67 

47 

77 

34 

°9 

72 

95 

84 

29 

49 

41 

3 i 

06 

70 

42 

38 

12 

96 

88 

17 

3 i 

65 

19 

69 

02 

S 3 

6o 

75 

85 

94 

57 

24 

16 

92 

09 

84 

38 

76 

22 

00 

3 S 

64 

43 

59 

98 

98 

77 

87 

68 

07 

9 i 

5 i 

53 

44 

09 

42 

72 

00 

41 

86 

79 

79 

68 

47 

40 

76 

66 

26 

84 

57 

99 

99 

90 

37 

3<5 

63 

02 

17 

79 

18 

°5 

12 

59 

52 

57 

02 

22 

07 

95 

17 

82 

06 

53 

3 i 

Si 

10 

96 46 

92 

06 

35 

76 

22 

42 

92 

96 

11 

83 

44 

80 

34 

68 

26 

29 

13 

56 

4 1 

as 

47 

04 

66 

08 

34 

72 

77 

80 

20 

75 

82 

72 

82 

32 

99 

90 

^3 

95 

46 

40 

66 

44 

5 2 

9 1 

36 

74 

43 

53 

3 ° 

82 

37 

56 

08 

18 

°9 

77 

53 

84 

46 

47 

3 i 

91 

61 

65 

61 

68 

66 

37 

27 

47 

39 

19 

84 

83 

93 

43 

69 

64 

07 

34 

18 

04 

52 

35 

56 

27 

21 

96 

60 

12 

99 

11 

20 

99 

45 

18 

48 

13 

95 

20 

47 

97 

97 

27 

37 

83 

28 

7 i 

00 

06 

97 

86 

21 

78 

73 

10 

65 

Si 

92 

59 

58 

76 

6g 

92 

06 

34 

13 

59 

7 i 

74 

17 

32 

27 

55 

04 

3 i 

i 7 

21 

56 

33 

73 

99 

19 

87 

26 

72 

61 

06 

98 

°3 

91 

87 

14 

77 

43 

96 

43 

00 

85 

93 

85 

86 

88 

72 

87 

08 

62 

40 

16 

06 

21 

74 

32 

47 

45 

73 

96 

07 

94 

S 2 

°9 

65 

15 

69 

53 

82 

80 

79 

96 

23 

53 

10 

65 

39 

02 

89 

08 

04 

49 

20 

21 

14 

68 

86 

87 

63 

8? 

18 

15 

89 

79 

85 

43 

01 

72 

73 

08 

6r 

98 

83 

71 

94 

22 

59 

97 

5 ° 

99 

52 

08 

52 

10 

08 

58 

21 

66 

72 

68 

49 

29 

3 1 

89 

85 

47 

90 

56 

IO 

08 

88 

02 

84 

27 

83 

42 

29 

22 

85 

61 

68 

90 

49 

64 

92 

85 

44 

16 

40 

67 

80 

43 

79 

33 

12 

83 

11 

41 

16 

25 

58 

27 

62 

So 

96 

72 

79 

44 

61 

40 

15 

14 

53 

33 

78 

80 

87 


38 

30 

06 

38 

21 

14 

47 

13 

13 

92 

66 

99 

47 

24 

49 

57 

74 

32 

25 


22 

57 

5 i 

6l 

09 

43 

95 

06 

58 

24 

82 

=>3 

47 

32 

77 

09 

85 

52 

05 

30 

62 

47 

83 

5 i 

62 

74 

24 

2 5 

93 

l6 

7 1 

13 

59 

78 

23 

oS 

47 

47 

25 

63 

99 

61 

46 38 

03 

93 

22 

69 

81 

2 1 

99 

2 1 

16 

°9 

OS 

88 

69 

58 

28 

99 

35 

07 

44 

75 

47 

04 

79 

88 

08 

13 

13 

85 

5 i 

55 

34 

57 

72 

60 

79 

79 

45 

82 

6 3 

18 

2 7 

44 

69 

66 

92 

19 

09 

°5 

48 

34 

56 

65 

05 

61 

86 

90 

92 

10 

70 

8c 

59 

°5 

28 

22 

87 

26 

07 

47 

86 

96 

98 

29 

06 

99 

24 

44 

49 

18 

09 

79 

49 

74 

16 

32 

23 

02 

76 

47 

9 i 

44 

04 

95 

49 

66 

39 

60 

04 

59 

Sr 

15 

65 

20 

33 

29 

94 

7 i 

1 1 

i 5 

9 i 

29 

12 

°3 

10 

56 

79 

77 

21 

3 ° 

27 

12 

90 

49 

22 

23 

62 

20 

S 2 

36 

87 

09 

4 i 

15 

09 

98 

60 

16 

03 

°3 

37 

17 

3 i 

54 

08 

01 

88 

63 

39 

4 i 

88 

92 

10 

55 

45 

70 

08 

18 

27 

38 

90 

16 

95 

86 

70 

75 

06 

45 

iS 

64 

84 

73 

31 

65 

52 

53 

37 

97 

15 

86 

90 

68 

24 

64 

19 

35 

5 i 

56 

61 

87 

39 

12 

27 

69 

85 

29 

81 

94 

78 

70 

21 

94 

47 

90 

12 

67 

62 

44 

40 

98 

05 

93 

78 

23 

32 

65 

41 

18 

22 

00 

20 

35 

55 

3 i 

Si 

Si 

00 

83 

63 

2 2 

55 

3 2 

oS 

58 

37 

40 

13 

68 

97 

87 

64 

81 

07 

83 

90 

47 

03 

28 

14 

11 

30 

79 

20 

69 

22 

40 

98 

88 

°7 

77 

56 

11 

5 ° 

81 

69 

40 

23 

72 

51 

39 

35 

48 

77 

33 

42 

40 

90 

60 

73 

96 

53 

97 

S6 

57 

59 

13 

82 

43 

80 

46 

i 5 

38 

26 

61 

70 

04 

73 

76 

63 

89 

73 

44 

99 

05 

48 

67 

26 

43 

IS 

13 

54 

00 

78 

45 

63 

98 

35 

55 

03 

36 

67 

6S 

18 

95 

58 

24 

16 

74 

11 

53 

44 

10 

13 

85 

57 

70 

07 

48 

53 

21 

40 

06 

7 i 

95 

06 

79 

88 

54 

09 

24 

86 

61 

85 

53 

83 

45 

19 

90 

70 

99 

00 

93 

55 

34 

18 

37 

79 

49 

90 

65 

97 

38 

20 

46 

4 i 

4 i 

74 

45 

89 

09 

39 

84 

51 

67 

1 1 

52 

49 

17 

14 

97 

04 

76 

62 

16 

17 

17 

95 

70 

45 

80 

10 

2 4 

19 

23 

7 i 

82 

13 

74 

63 

5 3 

52 

01 

41 

39 

27 

67 

S 3 

77 

57 

68 

93 

60 

61 

97 

22 

61 

65 

98 

5 o 

45 

60 

33 

01 

07 

98 

99 

46 

5 o 

47 

10 

89 

20 

23 

21 

34 

74 

97 

76 

38 

03 

29 

63 

90 

77 

47 

2 5 

76 

16 

19 

33 

53 

°5 

70 

53 

3 ° 

07 

16 

29 

45 

33 

02 

43 

70 

02 

87 

40 

41 

45 

93 

95 

17 

11 

29 

01 

95 

80 

35 

14 

97 

35 

33 

74 

5 i 

69 

89 

74 

39 

82 

i 5 

94 

5 i 

33 

4 i 

67 

85 

08 

40 

87 

80 

61 

65 

3 i 

9 i 

5 i 

80 

32 

44 

84 46 

06 

59 

73 

19 

85 

23 

6S 

°9 

29 

75 

63 

72 

23 

19 

66 

56 

45 

65 

79 

20 

7 i 

53 

20 

25 

12 

89 

88 

5 ° 

14 

49 

81 

06 

01 

82 

77 

45 

12 

19 

68 

70 

77 

02 

54 

00 

52 

53 

43 

37 

*5 

26 

40 

65 

39 

27 

31 

58 

5 o 

28 

1 1 

39 

°3 

34 

25 

47 

07 

26 

54 

96 

8 7 

53 

32 

40 

36 

40 

96 

76 

43 

62 

17 

10 

97 

11 

69 

84 

99 

63 

22 

32 

98 


136 



Table XXXIII. Random Numbers (IV) 


xo 

27 

53 

96 

23 

7 i 

5 ° 

54 

36 

23 

54 

31 

04 

82 

98 

04 

14 

12 

15 ■ 

09 

26 

78 

25 . 

47 ■ 

47 

28 

4 i 

5 ° 

61 

8S 

64 

85 

27 

20 

18 

S 3 

36 

36 

OS 

56 

39 

71 . 

65 

09 

62 

94 

76 

62 

1 1 

89 

34 

21 

42 

57 

03 

59 

x 9 

18 

97 

48 

80 

3 ° 

03 

30 

98 

05 

24 

67 

70 

07 

84 

97 

5 ° 

87 

46 

61 

81 

77 

2 3 

23 

82 

82 

11 

54 

08 

53 

28 

70 

58 

96 

44 

°7 

39 

55 

43 

42 

34 

43 

39 

28 

61 

15 

18 

13 

54 

1 6 

86 

20 

26 

88 

90 

74 

80 

55 

09 

14 

53 

90 

5 i 

17 

52 

01 

63 

0 1 

59 

91 

76 

31 

64 

64 

44 

9 1 

13 

32 

97 

75 

31 

62 

66 

54 

84 

80 

32 

75 

77 

56 

08 

2 5 

70 

29 

00 

97 

79 

oS 

06 

37 

3 ° 

28 

59 

85 

S 3 

56 

68 

53 

40 

01 

74 

39 

59 

73 

3 ° 

19 

99 

85 

48 

3 <J 

46 

iS 

34 

94 

75 

20 

80 

27 

77 

78 

9 i 

69 

16 

DO 

08 

43 

18 

73 

68 

67 

69 

61 

34 

25 

88 

98 

99 

60 

50 

65 

95 

79 

42 

94 

93 

62 

40 

89 

96 

43 

56 

47 

7 i 

66 

46 

76 

29 

67 

02 

04 

37 

59 

87 

21 

05 

02 

03 

24 

17 

47 

97 

81 

56 

51 

92 

34 

86 

01 

82 

55 

5 i 

33 

12 

9 i 

63 

62 

06 

34 

4 i 

94 

21 

78 

55 

09 

72 

76 

45 

16 

94 

29 

95 

81 

83 

83 

79 

88 

01 

97 

30 

78 

47 

23 

53 

90 

34 

41 

92 

4 S 

7 i 

09 

23 

70 

7 ° 

07 

12 

38 

92 

79 

43 

14 

85 

11 

47 

23 

87 

6S 

62 

IS 

43 

53 

14 

36 

59 

25 

54 

47 

33 

70 

15 

59 

24 

48 

40 

35 

5 ° 

°3 

42 

99 

36 

47 

60 

92 

10 

77 

88 

59 

53 

1 1 

52 

66 

2 S 

69 

07 

04 

48 

68 

64 

7 i 

06 

61 

65 

70 

22 

12 

56 

8S 

87 

59 

4 i 

65 

28 

04 

67 

53 

95 

79 

88 

37 

3 i 

5 o 

4 i 

06 

94 

76 

81 

83 

17 

16 

33 

02 

57 

45 

86 

67 

73 

43 

07 

34 

48 

44 

26 

87 

93 

29 

77 

09 

61 

67 

84 

06 

69 

44 

77 

75 

3 i 

54 

14 

13 

17 

48 

62 

11 

90 

60 

68 

12 

93 

64 

28 

46 

24 

79 

16 

76 

14 

60 

2 5 

5 i 

01 

28 

5 ° 

16 

43 

3 f> 

28 

97 

85 

58 

99 

67 

22 

5 2 

76 

23 

24 

70 

36 

54 

54 

59 

28 

61 

7 i 

96 

6 3 

29 

62 

66 

5 ° 

02 

63 

45 

52 

38 

67 

63 

47 

54 

75 

83 

24 

78 

43 

20 

92 

63 

13 

47 

48 

45 

65 

58 

26 

Si 

76 

96 

59 

38 

72 

86 

57 

45 

7 i 

46 

44 

67 

76 

14 

55 

44 

88 

01 

62 

12 

39 

65 

36 

6>3 

70 

77 

45 

85 

50 

Si 

74 

13 

39 

35 

22 

3 ° 

53 

36 

02 

95 

49 

34 

88 

73 

61 

73 

7 i 

98 

16 

04 

29 

18 

94 

5 i 

23 

76 

5 i 

94 

84 

86 

79 

93 

96 

38 

63 

08 

58 

25 

58 

94 

72 

20 

56 

20 

11 

72 

65 

7 i 

08 

86 

79 

57 

95 

13 

9 i 

97 

48 

72 

66 

48 

09 

7 i 

17 

24 

89 

75 

17 

26 

99 

76 

89 

37 

20 

70 

01 

77 

3 i 

61 

95 

46 

26 

97 

05 

73 

5 i 

S 3 

33 

18 

72 

87 

37 

48 

60 

82 

29 

81 

3 ° 

15 

39 

14 

48 

38 

75 

93 

29 

06 

87 

37 

78 

48 

45 

56 

00 

84 

47 

68 

08 

02 

80 

72 

83 

7 i 

46 

3 ° 

49 

89 

17 

95 

88 

29 

02 

39 

56 

°3 

46 

97 

74 

06 

56 

17 

14 

23 

98 

61 

67 

70 

52 

85 

01 

50 

ox 

84 

02 

78 

43 

10 

62 

98 

19 

41 

18 

83 

99 

47 

99 

49 

08 

96 

2 1 

44 

25 

27 

99 

41 

28 

07 

41 

08 

34 

66 

19 

42 

74 

39 

9 i 

4 i 

96 

53 

78 

72 

73 

37 

06 

08 

43 

63 

61 

62 

42 

29 

39 

68 

95 

10 

96 

09 

24 

23 

00 

62 

56 

12 

80 

73 

16 

37 

21 

34 

17 

68 

68 

96 

S 3 

23 

56 

3 2 

84 

60 

15 

3 i 

44 

73 

67 

34 

77 

91 

15 

79 

74 

58 

14 

29 

09 

34 

04 

87 

S 3 

07 

55 

07 

76 

58 

30 

83 

64 

87 

29 

25 

58 

84 

86 

So 

60 

00 

25 

58 

43 

28 

06 

36 

49 

52 

S 3 

5 i 

H 

47 

56 

9 i 

29 

34 

05 

87 

3 i 

06 

95 

12 

45 

57 

09 

09 

10 

43 

67 

29 

70 

80 

62 

80 

°3 

42 

10 

80 

21 

38 

84 

90 

56 

35 

03 

09 

43 

12 

74 

49 

14 

44 

38 

88 

39 

54 

86 

97 

37 

44 

22 

00 

95 

01 

31 

76 

17 

16 

29 

56 

63 

38 

78 

94 

49 

81 

90 

69 

59 

19 

5 i 

85 

39 

52 

85 

13 

07 

28 

37 

07 

61 

11 

16 

36 

27 

°3 

78 

86 

72 

04 

95 

4 i 

47 

10 

25 

62 

97 

°S 

3 i 

03 

61 

20 

26 

3 6 

3 i 

62 

68 

69 

86 

95 

44 

84 

95 

48 

46 

45 

9 1 

94 

14 

63 

x 9 

75 

89 

1 1 

47 

1 1 

31 

56 

34 

19 

09 

79 

57 

92 

36 

59 

14 

93 

87 

81 

40 

80 

06 

54 

18 

66 

09 

18 

94 

06 

19 

98 

40 

07 

17 

81 

22 

45 

44 

84 

11 

24 

62 

20 

42 

3 i 

67 

72 

77 

63 

48 

84 

08 

3 i 

55 

58 

24 

33 

45 

77 

58 

80 

45 

67 

93 

82 

75 

70 

16 

08 

24 

59 

40 

2 4 

13 

27 

79 

26 

88 

86 

30 

01 

31 

60 

10 

39 

53 

58 

47 

70 

93 

85 

81 

56 

39 

38 

05 

90 

35 

89 

95 

01 

61 

16 

96 

94 

5 ° 

78 

13 

69 

36 

37 

68 

53 

37 

3 i 

7 i 

26 

35 

°3 

7 i 

44 

43 

80 

69 

98 

46 

68 

05 

14 

82 

90 

78 

5 o 

05 

62 

77 

79 

13 

57 

44 

59 

60 

10 

39 

66 

61 

81 

31 

96 

82 

00 

57 

25 

60 

59 

46 

72 

60 

18 

77 

55 

66 

12 

62 

1 1 

08 

99 

55 

64 

57 

42 

88 

°7 

10 

oS 

24 

98 

6S 

63 

2 1 

47 

21 

61 

88 

32 

27 

80 

3 ° 

21 

60 

10 

92 

35 

36 

12 

77 

94 

3 ° 

05 

39 

28 

10 

99 

00 

27 

12 

73 

73 

99 

12 

49 

99 

57 

94 

. 82 

96 

88 

57 

17 

9 i 

73 

83 

19 

76 

16 

94 

11 

68 

84 

26 

23 

54 

20 

1 86 

85 

23 

86 

66 

99 

. 07 

36 

' 37 

34 

92 

09 

87 

76 

59 

61 

81 

43 

63 

64 

61 

61 

65 

76 

36 

95 

90 

18 

48 

27 

45 

68 

27 

23 

65 

3 ° 

' 72 

9 i 

43 

°5 

96 

47 

55 

78 

99 

95 

24 

37 

55 

85 

78 

78 

01 

48 

41 

19 

1 10 

35 

19 

54 

°7 

73 

84 

97 

77 

72 

73 

09 

62 

06 

65 

72 

37 

12 

49 

1 03 

60 

41 

15 

20 

' 76 

■ 27 

5 ° 

■ 47 

oz 

29 

i 16 

87 

4 i 

60 

76 

83 

44 

88 

96 

07 

80 

83 

05 

83 

38 

96 

73 

1 7 o 

66 

i 81 

90 

3 C 

' 56 

10 

■ 48 

! 59 


137 



Table XXXIII. Random Numbers (V) 


28 

89 

65 

87 

08 

13 

50 

63 

04 

23 

25 

47 

57 

30 

29 

43 

65 

42 

78 

66 

28 

55 

80 

47 

46 

41 

95 

74 

62 

60 

53 

5 1 

57 

3 3 

22 

27 

12 

72 

72 

01 

85 

54 

96 

72 

66 

86 

65 

64 

60 

56 

59 

75 

10 

9 1 

46 

96 

S6 

19 

83 

52 

47 

S 3 

65 

00 

Si 

°5 

33 

18 

08 

Si 

5 i 

78 

57 

26 

17 

34 

87 

96 

04 

43 

13 

37 

00 

79 

68 

96 

26 

60 

70 

39 

83 

°5 

85 

40 

25 

24 

73 

52 

93 

70 

So 

48 

21 

47 

84 

90 

90 

65 

77 

63 

99 

25 

69 

02 

09 

04 

°3 

28 

55 

53 

09 

48 

86 

28 

30 

02 

35 

7 i 

30 

32 

S 9 

83 

40 

69 

80 

97 

96 

47 

59 

97 

56 

33 

24 

73 

20 

96 

05 

68 

93 

41 

69 

96 

07 

97 

5 ° 

81 

10 

89 

07 

76 

21 

40 

24 

74 

36 

42 

40 

33 

04 

9 i 

So 

27 

78 

37 

06 

06 

16 

2 S 

98 

17 

78 

80 

03 

45 

44 

66 

88 

97 

8r 

26 

°3 

89 

39 

46 

67 

89 

4 i 

58 

91 

63 

65 

99 

59 

97 

84 

90 

14 

79 

13 

43 

00 

97 

26 

16 

9 i 

21 

32 

41 

60 

22 

66 

7 1 

7 i 

00 

5 i 

72 

62 

03 

89 

26 

32 

35 

27 

99 

19 

28 

IS 

00 

41 

92 

27 

73 

40 

38 

37 

11 

°5 

5 6 

03 

CO 

30 

92 

30 

45 

5 i 

94 

69 

04 

00 

84 

14 

39 

27 

52 

89 

11 

00 

81 

06 

28 

48 

12 

08 

05 

73 

13 

28 

58 

01 

05 

06 

42 

24 

07 

60 

60 

29 

81 

60 

84 

Si 

57 

12 

68 

46 

55 

89 

60 

09 

7 i 

05 

62 

98 

07 

85 

07 

79 

26 

69 

6r 

67 

85 

72 

62 

97 

16 

29 

18 

52 

r6 

16 

23 

56 

62 

95 

80 

3 i 

13 

63 

21 

08 

16 

01 

92 

58 

21 

48 

79 

74 

97 

38 

35 

34 

19 

89 

84 

05 

34 

47 

88 

09 

31 

32 

IX 

78 

33 

82 

51 

99 

98 

44 

39 

12 

75 

10 

81 

99 

13 

37 

°5 

08 

12 

60 

39 

23 

61 

73 

84 

45 

74 

00 

°3 

°5 

69 

99 

47 

26 

52 

48 

06 

3 ° 

11 

84 

13 

69 

01 

88 

91 

28 

79 

5 o 

7 i 

42 

14 

14 

66 

12 

87 

22 

59 

45 

27 

08 

Si 

85 

64 

23 

40 

25 

67 

87 

82 

84 

27 

17 

30 

37 

48 

69 

49 

44 

48 

97 

49 

43 

65 

45 

53 

41 

07 

14 

83 

46 

41 

94 

54 

06 

57 

48 

28 

01 

83 

84 

09 

11 

21 

°7 

12 

15 

58 

84 

93 

18 

31 

83 

45 

54 

S 2 

62 

64 

27 

90 

43 

52 

18 

26 

32 

96 

§3 

50 

58 

45 

80 

7 i 

86 

41 

03 

45 

62 

63 

40 

88 

35 

69 

34 

27 

06 

08 

09 

92 

26 

22 

59 

28 

27 

3 S 

58 

22 

54 

68 

97 

20 

54 

33 

26 

74 

03 

3 ° 

74 

22 

19 

02 

92 

65 

68 

99 

°5 

53 

IS 

26 

70 

04 

69 

22 

S 3 

S 2 

57 

78 

62 

98 

61 

70 

48 

22 

68 

5 o 

64 

82 

82 

76 

31 

33 

85 

13 

41 

38 

10 

16 

47 

61 

38 

61 

34 

09 

49 

04 

41 

66 

09 

76 

20 

5 ° 

73 

or 

01 

11 

88 

38 

03 

10 

16 

82 

24 

39 

58 

20 

2 1 

66 

14 

38 

28 

54 

08 

18 

07 

04 

92 

i 7 

63 

3 2 

29 

30 

69 

59 

68 

So 

33 

3 i 

47 

IS 

64 

88 

04 

59 

21 

65 

47 

39 

90 

89 

86 

77 

46 

86 

86 

38 

64 

5 ° 

07 

36 

56 

5 o 

45 

94 

25 

48 

28 

48 

48 

33 

5 o 

83 

53 

59 

77 

64 

59 

90 

58 

92 

62 


9 i 

13 

S 2 

62 

24 

19 

94 

9 i 

67 

4 s 

57 

10 

90 

08 

55 

98 

78 

10 

70 

49 

92 

05 

12 

07 

27 

77 

44 

67 

32 

23 

13 

67 

95 

o 7 

76 

30 

36 

75 

46 

44 

33 

63 

7 i 

54 

So 

06 

44 

75 

93 

5 i 

3 ° 

80 

°5 

19 

29 

56 

23 

27 

19 

°3 

23 

95 

89 

99 

93 

39 

79 

11 

28 

94 

15 

52 

66 

56 

62 

03 

55 

86 

57 

77 

55 

33 

62 

02 

74 

63 

17 

27 

27 

5 i 

26 

35 

96 

29 

00 

45 

35 

78 

19 

79 

95 

07 

21 

02 

S 4 

48 

5 i 

97 

06 

47 

93 

74 

21 

86 

33 

49 

90 

2 1 

69 

74 

87 

36 

17 

18 

16 

90 

46 

75 

27 

28 

52 

13 

79 

59 

42 

37 

13 

81 

83 

92 

42 

85 

°4 

31 

46 

24 

35 

63 

02 

3 i 

61 

34 

59 

43 

36 

96 

36 85 

26 

41 

77 

63 

37 

7 i 

63 

94 

94 

33 

21 

17 

98 

10 

39 

33 

15 

61 

6 3 

00 

35 

92 

61 

55 

56 

16 

88 

87 

60 

32 

15 

99 

67 

43 

72 

17 

31 

85 

33 

69 

07 

68 

49 

20 

43 

29 

18 

25 

78 

12 

03 

09 

70 

5 ° 

93 

19 

3 5 

56 

75 

16 

98 

81 

99 

37 

29 

92 

20 

32 

39 

67 

36 

37 

95 

66 

39 

or 

09 

2 1 

68 

40 

95 

79 

75 

26 

03 

35 

63 

oS 

77 

13 

81 

20 

67 

ss 

99 

93 

72 

93 

78 

04 

3 6 

25 

76 

c 1 

54 

03 

87 

89 

70 

81 

10 

95 

9 i 

83 

79 

68 

20 

66 

37 

4 i 

85 

79 

76 48 

23 

61 

58 


08 

05 

97 

63 

32 

25 

34 

03 

36 

48 

84 

60 

37 

65 

73 

72 

08 

64 

80 

9 i 

38 

07 

28 

66 

61 

59 

54 

88 

97 

96 

86 

01 

69 

46 

13 

95 

65 

96 

60 

36 

80 

66 

39 

94 

97 

42 

36 

3 i 

r6 

59 

89 

18 

26 

02 

04 

37 

95 

96 

18 

69 

06 

30 

00 

18 

03 

30 

28 

55 

59 

66 

10 

7 i 

44 

05 

96 

55 

98 

59 

96 

01 

3 6 

88 

77 

90 

45 

59 

85 

41 

64 

72 

08 

59 

44 

67 

98 

36 

65 

56 

02 

58 

98 

02 

5 o 

58 

1 1 

95 

39 

06 

35 

63 

74 

11 

76 

66 

63 

60 

08 

90 

54 

33 

65 

84 

9 r 

73 

97 

28 

44 

74 

06 

2 2 

3 ° 

95 

69 

72 

29 

9 i 

53 

58 

54 

66 

°5 

47 

19 

6 3 

92 

75 

27 

57 

14 

96 

39 

64 

85 

73 

87 

96 

76 

23 

10 

94 

32 

22 

52 

04 

74 

69 

<53 

2 r 

83 

41 

14 

79 

24 

32 

1 2 

38 

42 

33 

56 

90 

92 

57 

13 

48 

30 

28 

01 

92 

49 

58 

61 

52 

27 

03 

64 

07 

°4 

73 

25 

74 

82 

7 S 

35 

23 

2 1 

88 

55 

75 

42 

70 

32 

09 

60 

58 

70 

6l 

43 

97 

43 

77 

83 

2 7 

19 

70 

4i 

34 

78 

77 

60 

25 

40 

95 

24 

77 

95 

73 

20 

47 

42 

80 

61 

03 

12 

39 

82 

77 

02 

18 

88 

33 

1 1 

49 

i5 

16 

36 

75 

33 

14 

1 1 

1 1 

78 

97 

30 

53 

62 

38 

75 

27 

04 

5i 

41 

61 

96 

86 

62 

93 

66 

7i 

88 

86 

50 

09 

13 

24 

9i 

54 

80 

67 

78 

66 

30 

5i 

60 

73 

73 

03 

87 

68 

47 

37 

10 

84 

5° 

18 

93 

09 

45 

89 

06 

13 

26 

98 

S6 

29 
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Table XXXIII. Random Numbers (VI) 


25 19 64 82 84 62 74 29 92 24 61 03 91 

23 02 41 46 04 44 3 1 S3 43 °7 44 °6 03 

55 85 66 96 28 28 30 62 58 83 65 68 62 

68 45 19 69 59 35 14 82 56 80 22 06 52 

69 31 46 29 85 18 88 26 95 54 01 02 14 

37 31 61 28 98 94 61 47 03 10 67 80 84 

66 42 19 24 94 13 13 38 69 96 76 69 76 

33 65 78 12 35 91 59 11 38 44 23 31 48 

76 32 06 19 35 22 95 30 19 29 57 74 43 

43 33 42 02 59 20 39 84 95 61 58 22 04 

28 31 93 43 94 87 73 19 38 47 54 36 90 

97 19 21 63 34 69 33 17 03 02 ri 15 50 

82 80 37 14 20 56 39 59 89 63 33 90 38 

03 68 °3 *3 60 64 x 3 °9 37 11 86 02 57 

65 16 58 11 01 98 78 80 63 23 07 37 66 

24 65 58 57 04 18 62 85 28 24 26 45 17 

02 73 64 07 75 85 66 48 38 73 75 10 96 

79 16 78 63 99 43 61 00 66 42 76 26 71 

°4 75 14 93 39 68 52 16 83 34 64 09 44 

40 64 64 57 60 97 00 12 91 33 22 14 73 

06 27 07 34 26 01 52 48 69 57 19 17 53 

62 40 03 87 10 96 88 22 46 94 35 56 60 

00 98 48 18 97 91 51 63 27 95 74 25 84 

50 64 19 18 91 98 55 83 46 09 49 66 41 

38 54 52 25 78 01 98 00 89 85 86 12 22 

46 86 80 97 7S 65 12 64 64 70 58 41 05 

90 72 92 93 IO 09 12 8l 93 63 69 30 03 

66 21 41 77 60 99 35 72 61 22 52 40 74 

87 05 46 52 76 89 96 34 22 3 7 27 11 57 

46 90 61 03 06 89 85 33 22 80 34 89 12 

11 88 53 06 09 Si 83 33 98 29 91 27 59 

11 05 92 06 97 68 82 34 08 83 25 40 58 

33 94 24 20 28 62 42 07 12 63 34 39 02 

24 89 74 75 61 61 02 73 36 85 67 28 50 

15 19 74 67 23 61 38 93 73 68 76 23 15 

05 64 12 70 88 80 58 35 06 88 73 48 27 

57 49 36 44 06 74 93 55 39 26 27 70 98 

77 82 96 96 97 60 42 17 18 48 16 34 92 

24 10 70 06 51 59 62 37 95 42 53 67 14 

50 00 07 78 23 49 54 36 85 14 18 50 54 

44 37 76 21 96 37 03 08 98 64 90 85 59 

9° 57 55 1 7 47 53 26 79 20 38 69 90 58 

50 74 64 67 42 95 28 12 73 23 32 54 98 

44 04 70 22 02 84 31 64 64 08 52 55 04 

32 74 61 64 73 21 46 51 44 77 72 48 92 

75 73 5i 7 o 49 12 53 67 51 54 38 10 n 

76 18 36 16 34 16 28 25 82 98 64 26 70 

00 17 37 71 81 64 21 91 15 82 Si 04 14 

54 95 57 55 °4 12 77 4° 7° *4 79 86 61 

69 99 95 54 63 44 37 33 S3 *7 3 8 06 58 


22 48 64 94 63 15 07 66 85 12 00 27 

°9 34 I 9 8 3 94 62 94 48 28 01 51 92 

4 2 45 I 3 08 60 46 28 95 68 45 52 43 

2 6 39 59 7 8 9 8 76 14 36 09 03 01 86 

°3 °5 4 8 00 26 43 85 33 93 81 45 95 

41 26 88 84 59 69 14 77 32 82 Ri 89 

24 13 43 8 3 10 13 24 18 32 84 85 04 

75 74 °S 3° ° 8 46 32 90 04 93 56 16 

20 90 20 25 36 70 69 38 32 11 01 01 

02 99 99 78 78 83 82 43 67 16 38 95 

98 10 83 43 32 26 26 22 00 90 59 22 

46 08 42 69 60 17 42 14 68 61 14 48 

44 50 78 22 87 10 88 06 58 87 39 67 

41 99 31 66 60 65 64 03 03 02 58 97 

20 56 20 96 06 79 80 33 39 40 49 42 

82 76 39 65 01 73 91 50 37 49 3 S 73 

59 31 48 78 58 08 S8 72 08 54 57 17 

*4 33 33 86 76 71 66 37 85 05 56 07 

62 58 48 32 72 26 95 32 67 35 49 71 

01 11 83 97 68 95 65 67 77 80 98 87 

55 96 02 41 03 89 33 86 85 73 02 32 

94 20 60 73 04 84 98 96 45 1 8 47 07 

03 07 88 29 04 79 84 03 71 13 78 26 

12 45 41 49 36 83 43 53 75 35 13 39 

89 25 10 10 71 19 45 88 84 77 00 07 

49 08 68 68 88 54 00 81 61 6i So 41 

04 26 92 36 48 69 45 91 99 08 07 65 

67 29 97 50 71 39 79 *57 82 14 S8 06 

°4 19 57 93 08 35 69 07 51 19 92 66 

29 37 44 7 1 3 s 4° 37 J 5 49 55 5 1 oS 

43 °9 7o 72 51 49 73 35 97 2 5 8 3 4i 

40 64 56 42 78 54 06 60 96 96 12 82 

92 31 80 61 68 44 19 09 92 14 73 49 

49 8 5 37 79 95 ° 2 66 73 19 76 28 13 

58 20 35 36 82 82 59 01 33 48 17 66 

39 43 43 4o 13 35 45 55 54 3 8 5° 

76 68 78 36 26 24 06 43 24 56 40 80 

19 52 98 84 48 42 92 83 19 06 77 78 

95 29 84 65 43 07 30 77 54 00 15 42 

18 82 23 79 80 71 37 60 62 95 40 30 

43 64 17 79 96 5 2 35 21 °5 22 59 3° 

64 03 33 4 8 32 9 1 54 68 44 90 24 25 

64 94 8z 17 18 17 14 , 55 10 61 64 29 

24 29 91 95 43 81 x 4 66 13 18 47 44 

00 05 83 59 89 65 06 53 76 70 58 78 

67 73 22 32 61 43 75 31 61 22 21 11 

54 87 49 48 55 11 39 94 2 5 20 80 85 

52 11 39 07 30 60 77 39 18 27 85 68 

57 50 52 49 41 73 46 05 63 34 92 33 

37 93 47 ro 6z 31 28 63 59 40 40 32 
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Table XXXIII i. Random Permutations of io Numbers 



! 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 


1 5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

03528 

28071 

97041 

45167 

35421 

7 X 345 

47286 

83567 

94170 

46789 

56471 

65132 

18294 

73618 

89714 


49761 

39465 

52683 

82093 

09867 

06982 

10359 

49102 

65328 

02531 

93208 

74809 

50376 

04952 

02365 

IS 

80219 

2948s 

85093 

45687 

32579 

52867 

70851 

03621 

53490 

5338° 

76283 

90287 

34605 

67295 

82906 


43657 

70361 

24176 

30329 

48016 

03194 

29463 

94587 

32768 

76924 

90451 

56314 

12879 

10834 

45137 

3° 

36524 

07561 

67820 

20739 

69045 

54978 

90317 

64529 

57319 

74861 

94816 

10798 

06431 

53984 

07196 


97801 

98234 

13459 

58146 

13782 

36102 

48562 

78301 

64802 

39502 

05723 

32546 

29857 

16072 

32584 

45 

56913 

06289 

64527 

30265 

43209 

84152 

69183 

01278 

41973 

03471 

85014 

01628 

42016 

90164 

90418 


84027 

51734 

80193 

49718 

81675 

69307 

47250 

39546 

25068 

56829 

27639 

73954 

58379 

53827 

73625 

60 

70523 

83297 

81239 

05913 

75206 

18350 

81623 

59327 

08317 

39 S 8 i 

45736 

12987 

40568 

20915 

40819 


68194 

60541 

06745 

68742 

38491 

67924 

07549 

64081 

56492 

60247 

19802 

54360 

23917 

48367 

52367 

75 

59208 

56078 

74268 

5498 i 

12573 

51246 

43985 

04628 

5467 0 

93108 

86341 

10678 

70468 

53920 

91478 


13674 

31492 

09351 

27630 

68490 

38097 

27160 

97531 

32918 

67542 

95207 

42593 

51239 

74618 

32650 

go 

40329 

15237 

65897 

18693 

43709 

10783 

41237 

72168 

87194 

80472 

38125 

23945 

73981 

33 749 

52831 


71568 

98604 

13402 

20547 

58612 

95426 

89605 

35904 

23506 

69351 

46970 

10687 

06254 

26580 

49760 

105 

78136 

62531 

92143 

28935 

98410 

78059 

76901 

24618 

85102 

30642 

10378 

61739 

41980 

5976 i 

65943 


09452 

84097 

05876 

46107 

75236 

61432 

35482 

57093 

93647 

15987 

24956 

08245 

25763 

42803 

80172 

120 

58236 

29871 

53107 

50762 

47103 

81973 

35716 

83924 

21593 

98432 

95260 

83496 

27810 

82193 

24851 


10974 

64350 

89264 

41839 

69852 

65042 

42089 

67501 

40678 

57601 

84371 

17250 

95634 

67450 

90367 

135 

83417 

26179 

19562 

71358 

78542 

72896 

74312 

57346 

16248 

68102 

76581 

73294 

02698 

72850 

35730 


29065 

45038 

38704 

90246 

13069 

43105 

85960 

82019 

97305 

53794 

24309 

86015 

43517 

94336 

98624 

150 

48210 

25789 

52193 

36489 

82167 

01325 

52839 

25301 

24150 

7x306 

06417 

23057 

80129 

82439 

34620 


79365 

31460 

04687 

17502 

49053 

74896 

70614 

78649 

63987 

94258 

58329 

94168 

65374 

16075 

87915 

i< 5 S 

67439 

45961 

2103s 

64530 

84067 

32516 

57819 

23461 

15894 

2093S 

37198 

67983 

94786 

96408 

58037 


10285 

80723 

64789 

81972 

S1923 

07498 

04623 

80957 

06723 

78641 

65240 

02514 

02315 

57123 

92164 

180 

25481 

6934s 

02391 

32647 

27845 

92017 

82401 

95342 

02538 

15230 

60125 

97813 

57493 

27386 

3345 ° 


70963 

17820 

68574 

85091 

16093 

<>4538 

93756 

01786 

67419 

84679 

84937 

04625 

20681 

90514 

97286 

195 

59816 

13897 

31250 

32940 

28754 

48721 

31748 

43960 

93028 

93802 

26039 

47605 

8496: 

39274 

13064 


47023 

45260 

47896 

68751 

61039 

63905 

96250 

78521 

54176 

47651 

7814s 

81239 

75203 

86105 

58927 

210 

03957 

87529 

60895 

27615 

21875 

74590 

90758 

29064 

57408 

2S947 

69210 

89710 

53076 

10578 

36809 


84612 

61403 

23714 

40839 

69403 

31286 

34621 

87513 

63219 

16053 

374S5 

54236 

92184 

34269 

14275 

225 

69012 

15203 

94652 

47395 

93605 

43895 

60274 

40519 

06384 

27149 

58302 

76523 

89631 

18594 

41059 


7438s 

47689 

38073 

01628 

72148 

20167 

18359 

28736 

95721 

30586 

41679 

91408 

07524 

07236 

62738 

240 

57693 

32816 

87162 

61348 

15237 

17620 

17096 

50139 

56192 

31970 

32781 

79358 

23695 

13864 

24538 


48012 

50749 

45930 

72509 

86094 

98543 

34258 

74286 

73048 

28564 

50469 

42061 

04817 

07529 

60917 

255 

69407 

45982 

71896 

32891 

67984 

93618 

54867 

28730 

12674 

84715 

74269 

28940 

50628 

92810 

49168 


52138 

70316 

20453 

64057 

01325 

25470 

30912 

51946 

0389s' 

23069 

03851 

65317 

39417 

34576 

S3270 

270 

20531 

59762 

71692 

25684 

3942 5 

90132 

!4379 

16720 

16732 

07423 

71893 

48307 

64192 

76915 

79433 


98746 

81340 

8 4305 

17309 

86107 

68547 

56802 

45983 

84590 

89165 

02546 

15269 

85307 

84023 

05628 

285 

03124 

41920 

20834 

61239 

45723 

12539 

76530 

38720 

23697 

19875 

31256 

83914 

79064 

74296 

71326 


58967 

73865 

69175 

80547 

06981 

04768 

84291 

19564 

58104 

06324 

70984 

20657 

15832 

538 oi 

04859 

300 

36574 

78296 

04258 

92407 

82051 

14928 

78423 

92530 

85791 

96513 

49580 

59671 

29433 

oi 534 

19532 


90182 

13045 

37169 

38651 

73469 

63570 

01659 

84671 

34260 

42807 

72163 

40823 

05786 

72986 

67804 

3 i 5 

42689 

70964 

36297 

68294 

93784 

31920 

03621 

27610 

95274 

46982 

03529 

35964 

30176 

46087 

46208 


71503 

81235 

58140 

30715 

20651 

86475 

57948 

35948 

63081 

3 io 75 

18764 

21087 

98254 

19532 

37159 

330 

35709 

90582 

01382 

81564 

07952 

97462 

90584 

52048 

50176 

40791 

28059 

49650 

91023 

84723 

34820 


41286 

6437 1 

57496 

02397 

18436 

358 oi 

21736 

63197 

43928 

65328 

17634 

78312 

65478 

96051 

96751 

345 

50182 

61045 

68974 

54673 

43782 

48517 

68975 

29783 

48591 

o 8793 

41986 

32607 

30912 

07253 

89536 


43967 

79328 

13205 

91208 

65091 

06329 

13420 

54016 

76032 

54216 

57023 

95481 

45867 

61984 

74201 

360 

40756 

86974 

43075 

12690 

06234 

42905 

60351 

56148 

94237 

31056 

01274 

91724 

59136 

51082 

89132 


38921 

35021 

89621 

83457 

78915 

31786 

78429 

73092 

18065 

82794 

65398 

36508 

07842 
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Table XXXIII i. Random Permutations of io Numbers —continued 
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Table XXXIII2. Random Permutations of 20 numbers 
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Table XXXIV. Constants, Weights and Measures, Etc. 

Mathematical Constants 

■77=3-14159 26535 S9793 23846 £=2-71828 18284 59045 23536 7=0-57721 56649 °iS32 86061 

log 10 7r=o-497i4 98726 94133 85435 log 10 d=o- 43429 44819 03251 82765 78107 24179 90197 98522 

1/3/2^=0-39894 22804 01432 67794 log e io=2- 30258 50929 94045 68402 e-y=o-56i45 94835 66885 16983 

Physical Constants 

Velocity of light - — 3-00 X io 10 cm. /sec. = 186,000 miles/sec. The first number is the ratio of electromagnetic 
to electrostatic unit of charge. 

Ionic (electronic) charge («) = 4 -8o X io- ln E.S.U. = i-6oX io- 20 E.M.U. Mass of electron (;*„) = 
9 -i 1 X io -28 g. 

Planck’s constant (A) — 6-55 Xio -27 erg sees. 

Energy of gas molecule per i Q C. absolute = 2-07 X io -10 ergs. 

Number of molecules in 1 gm. molecule of gas = 6-02 X io 23 . 

Electrical charge of 1 gm. equivalent in electrolysis (Faraday) = 9-65 X io 3 E.M.U. 

Gas constant (. R ) = 8 -315 X io 7 e.g.s. (j>v = RTx.r nass in gram molecules). 

Constant of gravitation (G) = 6 -67 Xio -8 e.g.s. (/= Gmm'\r 2 ). 

Acceleration due to gravity ( g ). Teddington (N. 51 0 28-1'); 981-181 cm. /sec. 2 = 32 -191 ft. /see. 2 ; 
Washington (38° 56-5') : 980-082 ; whence at lat. A, height H m. : 980-618 — 2-586 cos 2A + -003 cos 4A, 
— -0003086 H. 

The earth. Equatorial radius = 3963-3 miles, polar radius = 3950-0 miles. 1° of Latitude = 68-70 mis. 
(equator), 69-41 mis. (pole). Mean density = 345 lb. /ft. 3 = 5-517 g./cm. 3 

Distance of sun = 93 x io° miles. Distance of moon = 239,000 miles. 

Solar radiation (Washington, D.C.) = -035 cal./cm. 2 /sec. 

Velocity of sound (6° C.) = 3 -35 Xio 4 cm./sec. = 1100 ft./sec. Audible sound : Lower limit, 30 vibr./sec.; 
upper limit, 24,000-41,000 vibr./scc. Middle C of piano, 261 vibr./sec. Wave-lengths of visible light : 
4 to 7 Xio -6 cm. 

Temperature ( Centi S rade “4° -3° ~ 20 “ IO 0 10 20 3° 4° 5° F. = if° c - l0 R . = -J- 0 C. 

_ r . 3 Fahrenheit -40 -22 -4 14 32 50 68 86 104 122 212 Absolute, zero of temperature = 

Equivalents [ R6aumur _ 32 _ 24 _ l6 _ 8 0 8 l6 24 32 4D 80 -273-1° C. 


1 

Mechanical and Electrical Lnits 

Force, g dynes = 1 gm. weight, g poundals = 1 lb. weight, where g is acceleration due to gravity measured 
in appropriate units (cm./sec. 2 or ft./sec. 2 ). 1 poundal = 1-3825 x io 4 dynes. 

Pressure, x atmosphere = 760 mm. (29-921 ins.) of mercury (0° C., Lat. 45°) = 33-899 ft. of water (4° C.) 
= 14-696 lb. /in. 2 = 1-01325 X io® dynes/cm. 2 1 bar = io 6 dynes/cm. 2 ==• 98692 atmos. 1 lb. /in. 2 = 70-307 
(i/- 014223) gm./cm. 2 

Work , Power , etc. 1 erg = 1 dyne cm. 1 joule = io 7 ergs = 1 watt second. 1 foot pound = x-356Xio 7 
ergs. 1 horse power (PI.P.) = 550 ft. lb. per sec. = 746 watts (continental H.P. = 736 watts). 1 calorie = heat 
to raise 1 gm. of water i° C. at a specified temperature. 1 15° C. calorie == x mean caloric (o° C.-xoo° C.) = 
4-185 Xio 7 ergs. 1 British Thermal Unit (1 lb. water x i° E.) = 252-0 calorics = 2‘93oX io~ 4 kilowatt hours = 
3-929 Xio -4 horse power hours = io -5 gas therms. 1 Board of Trade Unit = 1 kilowatt hour. 

Electrical. Relations between engineering units and electromagnetic units. Charge ; coulomb = io -1 
E.M.U. Current: ampere = xo _1 E.M.U. Potential: volt = io 8 E.M.U. Resistance: ohm = io 9 E.M.U. 
Capacity : farad = io -9 E.M.U. Inductance : henry = io D E.M.U. Flux : maxwell = io° E.M.U. 
Magnetic force : gauss = io° E.M.U. 


Supposed Duration of Geologic Periods (E. W. Barnes ) 

Duration 
Million Years. 



Pleistocene 


Permian 1 

Tertiary or Cainozoic era 

Pliocene 

Newer Pakeozoic era 

Carboniferous 


Miocene 

60 

Devonian J 

Age of Mammals 

Oligocene 




Eocene 






Silurian ) 



Older Palaeozoic era 

Ordovician 

Secondary or Mesozoic 

Cretaceous ’ 


Cambrian J 

era 

Jurassic 

85 Archasozoic era . 


Age of reptiles 

Triassic 

Eozoic era 



Possible age of planet 2000-4000 million years. 
144 


Duration 
Million Years. 

U5 

250 

300 

500 



Table XXXIV. Constants, Weights and Measures, Etc.—, 


■continued 


H 

Hydrogen 

1 -0080 

Fe 

Iron 

5S-85 

Sb 

He 

Helium 

4-003 

Co 

Cobalt 

58-94 

Te 

Li 

Lithium 

6-940 

Ni 

Nickel 

58-69 

I 

Be 

Beryllium 

9-013 

Cu 

Copper 

63-54 

Xe 

B 

Boron 

10-82 

Zn 

Zinc 

6 5-3 8 

Cs 

C 

Carbon 

I2-OII 

Ga 

Gallium 

69-72 

Ba 

N 

Nitrogen 

I4-OOc8 

Ge 

Germanium 

72-60 

La 

0 

Oxygen 

16-000 

As 

Arsenic 

74-91 

Ce 

F 

Fluorine 

19-00 

Se 

Selenium 

78-96 

Pr 

Ne 

Neon 

20-183 

Br 

Bromine 

79-916 

Nd 

Na 

Sodium 

22-991 

Kr 

Krypton 

83-80 

Pm 

Mg 

Magnesium 

24-32 

Rb 

Rubidium 

85-48 

Sm 

A1 

Aluminium 

26-98 

Sr 

Strontium 

87-63 

Eu 

Si 

Silicon 

28*09 

Y 

Yttrium 

88-92 

Gd 

P 

Phosphorus 

30-975 

Zr 

Zirconium 

91-22 

Tb 

S 

Sulphur 

32-066 

Nb 

Niobium 

92-91 

Dy 

Cl 

Chlorine 

35-457 

Mo 

Molybdenum 

95-95 

Ho 

A 

Argon 

39-944 

Tc 

Technetium 

99 

Er 

K 

Potassium 

39-100 

Ru 

Ruthenium 

IOI-I 

Tm 

Ca 

Calcium 

40-08 

Rh 

Rhodium 

102-91 

Yb 

Sc 

Scandium 

44-96 

Pd 

Palladium 

106-7 

Lu 

Ti 

Titanium 

47-9o 

A g 

Silver 

107-880 

Hf 

V 

Vanadium 

50-95 

Cd 

Cadmium 

112-41 

Ta 

Cr 

Chromium 

52-01 

In 

Indium 

114-76 

W 

Mn 

Manganese 

54-94 

Sn 

Tin 

118-70 



Antimony 

Tellurium 

Iodine 

Xenon 

Caesium 

Barium 

Lanthanum 

Cerium 

Praseodymium 

Neodymium 

Promethium 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutetium 

Hafnium 

Tantalum 

Tungsten 

(Wolfram) 


121-76 

Re 

Rhenium 

127-61 

Os 

Osmium 

126-91 

Ir 

Iridium 

I 3 I "3 

Pt 

Platinum 

132-91 

Au 

Gold 

I37-36 

Hg 

Mercury 

1 38 - 92 

Tl 

Thallium 

140-13 

Pb 

Lead 

140-92 

Bi 

Bismuth 

144-27 

Po 

Polonium 

T 45 

At 

Astatine 


Em 

Emanation 

152-0 

Fr 

Francium 

156-9 

Ra 

Radium 

158-93 

Ac 

Actinium 

162*46 

Th 

Thoriumn 

164-94 

Pa 

Protactium 

167-2 

U 

Uraniuim 

168-94 

Np 

Neptunium 

173-04 

Pu 

Plutonium 

r 74"99 

Am 

Americium 

178-6 

Cm 

Curium 

180-95 

Bk 

Berkelium 

183-92 

Cf 

Californium 


Densities 


Aluminium 

2' 70 

Iron 

7-86 

Platinum 

21-50 

Coal 

I- 2-1-8 

White pine • 4 

■ "5 

Copper 

8-93 

Lead 

ii -37 

Silver 

ro-5 

Granite 

2-5-3 

Beech, oak -7 

- "9 

Diamond 

3-52 

Magnesium 

1-74 

Tin 

7-29 

Quartz 

2-66 

Ebony i-i 

-i-3 

Gold 

19-32 

Mercury 

I3-56 

Zinc 

7-i 

Slate 

2- 5-2- 7 

Cork -22 

- -26 


Unit density = I g. per cu, cm. = -036128 lb. per cu. in. 
Equation of Time. 


Glass 
Sea water 
Loose snow 
Soil 


186-31 

lgo-2 

192-2 

I95-S3 

197-0 

200-61 

204-39 

207-21 

209-00 

209 

210 
222 
223 
226-05 
227 
232-05 
231 
238-07 
237 
239 
243 
245 

245 

246 


2-4 -4-5 
1-01-1-05 
■12 approx. 
x-6 approx. 


Jail. 

1 -|- 31m IIS. 

Mar. 

1 + 12111. 34s. I 

May 

1 —2m. 575. 

July 

I +3H1.32S. 

Sept. 16 — 5m. 6s. 

Nov. i6-i5m.ios. 

)) 

16+9 

33 


16+8 51 I 

3 J 

14-3 

49* 

33 

26+6 18* 

Oct. 1 —10 

16 1 

Dec. 1— 10 56 

Feb. 

1+13 

37 

Apr. 

1+ 4 1 

June 

1 —2 

27 

Aug. 

16 +-4 11 

„ 16 -14 

20 

„ 12-6 15 

)) 

12 +14 

25* 

3) 

16 0 0 

>3 

15 0 

0 

Sept. 

10 0 

Nov. 3 —16 

21* 

„ 25 0 0 


When positive add the equation of time to apparent solar time to obtain mean solar time. The values given are 
mean values. Maxima and minima are marked with asterisks. I sidereal day = 23 li, 56 m. 4-09 s. 


40 

5° 

60 

70 

80 

90 

100 

200 

300 


°C. 

Ice 

Water 

-50 

■039 


-40 
’ 129 

Saturated Vapour Pressure 

-30 -20 

•381 1-035 

- — 1-270 

of Water (. Millibars ) 
-10 -5 

2-600 4' 0I 7 

2-865 4-217 

-2 

5-173 

5-274 

°C. 

O 

1 

2 

3 

4 5 

6 

7 8 

9 

0 

6-105 

6-567 

7*058 

7-579 

8-134 8-723 

9-35° 

10-02 I0’73 

11-48 

10 

12-28 

13-12 

14-02 

14-97 

15-98 17-05 

18-18 

19-37 20-63 

21-97 

20 

23-38 

24-86 

26-43 

28-09 

29-83 31-67 

33‘ 61 

35-65 37'8 o 

40-05 

30 

42-43 

44-92 

47-55 

50-31 

53-19 56-23 

59-4i 

62-75 66-25 

69-92 


73-76 

123-3 

199-2 

3x1-6 

473-4 

701-0 

1013-2 

I5S44 

85903 


Critical temperature : 374 0 . Critical pressure : 220-6 bars. Interpolate logarithmically. 

Composition of Fertilizers ( Commercial Grades on the English Market) 

%N %P a 0, 

Sulphate of ammonia . . 20-6 Superphosphate . I ^‘ I ® \ wa t e r soluble Sulphate of potash 

Nitrate of soda . . .16 Triple superphosphate 48 J Muriate of potash 

Nitrochalk . . . 15-5 Basic slag . 10_I ^ "Itotal Potash manure . 

Rock phosphate - 26-2S J 

Some of these fertilizers are mixtures of two or more constituents in naturally occurring or conventional proportions. 1952 values are given. 


%K,0 

48 

50-60 

40 
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Length 

I foot = 13 ins. i yard. = 3 ft. 
1 mile = 1760 yds. = 3280 ft. 
(60 m.p.h. = 88 ft. per sec.) 


1 surveyor’s chain = 22 yds. 

(1 engineer’s chain = 100 ft.) 

1 link = chain = 7-92 ins. 

(1 rod, pole, or perch = J chain.) 

1 furlong = 10 chains = J mile. 

1 fathom = 6 ft, 1 cable =100 fath, 
1 nautical mile = 6080 ft. 

= 1 minute of arc of equator. 

(1 knot = 3 nautical mile per hour.) 


Archaic (approximate) : 

1 hand = 4 ins. 1 cubit = 18 ins. 
r ell = 45 ins. 1 league = 3 miles. 
Area 

1 acre = 10 sq. chains=4S4o sq. yds. 
1 sq. mile = 640 acres. 

(1 rod = xihr ac., r rood = j ac.) 


English Weights and Measures 
Weight 

Avoirdupois (1 General System ) 
r ounce (oz.) = 16 drams (dm.). 

1 pound (lb.) = r6 oz. 

1 stone = r4 lb. 1 quarter = 28 lb. 

1 hundredweight (cwt.) = 112 3b, 

= 4 quarters = 8 stones. 

1 ton = 20 cwt. = 2240 lb. 


Apothecary 

{Drugs) 

r drachm=6o grs. 
(1 scruple=2ogrs.) 


Troy 

{Precious M etals ) 
1 pennyweight 
(dwt.) = 24 grs. 


1 ounce = 20 dwt. = 8 drachms. 
1 pound = 12 oz. = 3760 grs. 

(1 lb. avoirdupois = 7000 grs.) 


Money 

r shilling (s.) = 12 pence (d.). 

1 pound {£) = 20s. 

Also farthing (Jd.), florin (2s.), half- 
crown (2s. 6d.) and guinea (21s.). 


Volume 

{Liquid) 

1 gallun = 4 quarts = 8 pints 
= 3 2 gills =-16054 (1/6-2290) cu. ft. 
1 gallon water (62° F.) weighs 10 lb. av. 
(in air against brass weights). 


1 fluid drachm (5) = 60 minims (111). 

1 fluid oz. (5) = 8 dr. = pint. 

1 fluid oz, water (62° F.) weighs 1 oz. av. 

{Dry) 

1 peck = 2 gals. 1 bushel -- 8 gals, 
r sack = 4 bush. 1 quarter = 8 bush. 
(1 firkin = 9 gals. 1 barrel = 36 gals.) 

1 register ton = 100 cu. ft. 

1 rod = 1000 cu. ft. 


Weights and Measures of the United States of America 

Weights and measures are the same as the English systems, except for small differences in standards, and the follow- 
ing exceptions : — 

1 hundredweight (short) = 100 lb., and 1 ton (short) = 20 cwt, = 2000 lb. The English (long) ton, 2240 lb., is 
also used. 

Dry measures of volume are 3 per cent, less rhan the corresponding English measures, being based on the Winchester 
bushel instead of the Imperial bushel. Fluid measures of volume are {(- of the corresponding English measures. (Hence 
in the U.S, system 1 bushel = 9-3092 fluid gallons.) Also 1 U.S. fluid ounce -A U.S, pint, so that a fluid ounce of 
■water weighs 1-0408 oz. av. (See also conversion factors.) 

A township = 36 sq. miles. A billion (French Milliard) — io°, a trillion = io ia . (English billion — io 12 , trillion 
= io 24 .) 

The Metric System 

The metre is (very nearly) io -7 of the distance from the pole to the equator, 

The gram is (very nearly) the mass of 1 cubic cm. of water at maximum density (3- 98° C.). (Actual mass of 1 c.c. 
of water = -999973 g.) 

The litre is (very nearly) 1000 c.c. (t litre = the volume of 1000 g. of water at 3-98° C. = 1000-027 c.c.) 

Also 1 are = 100 sq. metres, so that 1 hectare = 10,000 sq. m. = xihy S q. km. . z me tric quintal (doppel zentner, 
U.S.S.R. centner) = 100 kg. ; 1 metric ton = 1000 kg. ; t Continental pound = \ kg. ; 1 stere = x cu. m, 1 micron 
(y) = io -B m. 1 angstrom unit (A) = io~ 1Q m. 

Prefixes: micro-, io~°; mille-, io -3 ; centi-, io -2 ; dcci-, io -1 ; Deka-, 10; Hecto-, io 2 ; Kilo-, to 3 ; Myria-, io 4 : 
Mega-, io 4 . 

Conversion Factors 


Basic Factors 

yard (G.B.) = -914,399 metres, 
yard (U.S. A.) = -914,402 metres, 
pound = 453-5924 grams, 
gallon (G.B.) = 4-545.963 litres, 
gallon (U.S. A.) = 3-785,332 litres, 
bushel (U.S.A.) = 35-238,33 litres. 

Capacity ( Great Britain ) 
pint = -56825 (1/1-7598) litres, 
gallon = 4-5460 (i/- 2I998) litres, 
bushel = 36-368 (i/- 027497) litres. 


Length 

1 inch = 2-5400 (i/'3937o) cm. 
1 foot = -30480 (1/3-2808) m. 

1 yard = -91440 (1/1-0936) m. 

1 mile = 1-6093 (i/'6zi37) km. 


Capacity (U.S.A.) 

Fluid/ 1 P int = ' 45W ( I / 2:1I 34) Ht. 

\i gall. = 3-7853 (i/- 26418) lit. 
Dry : 1 bush. = 35-238 (1/-028378) lit. 


British pint, gallon, etc. = 1-20094 (1 /-8326s) U.S. fluid pints, gallons, etc, 
[British bushel, etc. = 1-03205 (1 /■ 9S8 95) U.S. bushels, etc. (dry). 


;sq. inch = 6-4516 (i/- 15500) sq. cm. 
sq. foot = 092903 (1/10-764) sq. m. 
sq. yard = -83613 (r/ 1-1960) sq. m. 
kq. mile = 2-5900 (i/- 38610) sq. km. 


Area t etc. 

1 acre = -40468 (1/2-4711) hectares. 

1 lb. per acre = i- 1209 (i/-8g2i8) kg. 
per ha. 

1 cwt. per acre = 1-2554 (i/- 79<3S9> 
m.q. per ha. 


Weight 

1 grain = -064799 (i/iS‘43 2 ) g- 
t ounce = 28-350 (i/ - 035274) g. 

1 pound = -45359 0 1 - 2 °46) kg. ( 

1 cwt. = -50802 (1/1-9684) m. quintals. 
1 short cwt. = -45359 (1/2-2046) m.q. 

1 ton = 1-0160 (i/‘9842i) metric tons. 
1 short ton = -90718 (1/1-1023) rti.t. 

Volume 

1 cu. inch = 16-387 (1/-061024) c.c. 

1 cu. foot = -028317 (1/35-315) cu. m. 
1 cu. yard= ■ 76455 (1/1-3080) cu.m. 


1 ton per acre = 2-5107 (i/ - 39329) m. 
tons per ha. 

1 bushel per acre = 89-867 (i/-oiii28) 
litres per ha. (U.S.A.) = 87-076 
(i/-oii484) litres per ha. 


Bushel weightsjlavd-age)-.- wheat, 63 lb. ; oats, 42 lb. ; barley, 56 lb. ; maize, 60 lb. ; beans, peas, 64 lb. 
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